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PREFACE 


This  report  was  prepared  by  Moffatt  A Nichol,  Engineers  under 
the  direction  of  Dr.  dames  R.  Walker  with  assistance  from 
Mr.  Peter  J.  Williams  and  Mr.  James  W.  Dunham.  The  Interim 
dredging  program  was  developed  with  assistance  from  Mr.  William 
Herron  and  dredging  consultant,  Mr.  Ogden  Beeman.  ha (son  with 
the  San  Francisco  District,  Corps  of  Engineers,  was  with 
Mr.  Doug  Ptrie  under  the  direction  of  Mr.  H.  Pape,  Chief  of 
Engineering.  Col.  John  M.  Adsit  was  the  district  engineer.  The 
Santa  Cruz  Harbor  Master,  Mr.  Brian  Foss,  dredgerman,  Mr.  Phil 
Stanfield  and  dredging  Inspector,  Mr.  Dave  Dickson,  provided 
assistance  in  developing  and  evaluating  the  interim  dredging 
program. 
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This  study  was  made  to  define  the  littoral  processes  and  resultant 
shoaling  mechanism  of  Santa  Cruz  Harbor  entrance  channel  and  to 
develop  and  evaluate  alternative  methods  of  mitigating  the 
shoaling  effects.  During  the  winter  months,  the  Santa  Cruz 
Harbor  entrance  channel  has  shoaled  almost  completely  since  its 
construction  in  1962.  The  channel  was  maintained  by  annual 
dredging  in  the  late  winter  or  early  spring  until  1977  when  the 
dredging  procedure  was  changed.  The  study  involved  analysis  of 
shoaling  mechanisms  and  dredging  procedures.  A new  two-year 
iterim  dredging  procedure  was  developed  for  the  1977  through 
1979  winter  seasons.  The  concept  was  to  dredge  the  channel 
periodically  in  phases  each  winter  and  thereby  keep  the  harbor 
open  to  navigation  most  of  the  time. 


The  littoral  processes  study  led  to  the  conclusion  that  the  net 
littoral  transport  rate  was  300,000  to  500,000  cubic  yards  per 
year  from  west  to  east.  The  wave  energv-flux  method  of  estimating 
littoral  transport  rates  indicated  that  a potential  for  a reversal 
in  transport  exists  but  that  the  shoreline  east  of  the  harbor 
was  so  oriented  that  reversals  in  transport  during  the  winter 
were  not  likely  to  cause  significant  shoaling  in  the  channel. 
Observation  of  shoaling  patterns,  and  analysis  of  dredging 
records  and  condition  surveys  indicated  that  about  100,000  cubic 
yards  per  year  drifted  around  the  head  of  the  west  Jetty  and 
formed  a tip  shoal  in  the  entrance  channel.  Other  mechanisms, 
accounting  for  an  additional  50,000  cubic  yards  per  year,  include 
leakage  of  sand  through  the  voids  in  the  west  jetty,  updrtft 
movement  or  reversal  in  littoral  transport,  wind  transport  over 
the  west  and  east  Jetties,  onshore  transport  of  bottom  material 
drifting  outside  the  harbor  entrance,  leakage  through  the  east 
jetty,  and  tidal  current  transport.  Wave  energy  that  propagates 
through  the  harbor  entrance  distributes  littoral  drift  along  the 
sides  of  the  channel  and  farther  into  the  channel. 


A considerable  quantity  of  littoral  drift  is  believed  to  bypass 
the  harbor  offshore  by  natural  processes.  This  quantity  is 
estimated  to  range  from  175,000  cubic  yards  per  year  to  375,000 
cubic  yards  per  year,  varying  with  the  wave  climate  and  dredging 
procedures. 
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Sixteen  alternative  solutions  that  could  mitigate  channel  shoaling 
were  developed  and  analyzed.  They  were  classified  into  bypassing, 
channel-maintenance  and  structural  categories.  The  solutions 
comprised  concepts  using  eductor  systems,  standard  dredges, 
Sauerman,  dragline  and  clamshell  dredges,  offshore  breakwaters, 
jettv  extension,  woir  Jetty,  updrift  traps  and  enhancement  of 
the  ebb  currents.  The  two  most  feasible  long-term  solutions 
were  a modification  of  the  1977-79  multi-year  phased  dredging 
program  and  periodic  dredging  of  a sand  trap  cr  ited  by  construc- 
tion of  an  offshore  breakwater.  The  annual  cost  of  phased 
dredging  was  estimated  to  be  $580,000.  This  solution  would  be 
expected  to  keep  the  harbor  open  for  eleven  months  each  year  as 
opposed  to  8S  months  under  the  current  annual  dredging  program. 

The  offshore  breakwater  with  annual  dredging  would  intially  cost 
$15,500,000  and  . *s  annual  cost  would  be  $1,510,000.  However, 
this  solution  would  keep  the  harbor  open  throughout  the  year. 
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SECTION  A 


THE  STUDY  AND  REPORT 


INTRODUCTION 


A.l  The  small  boat  harbor  at  Santa  Cruz  was  constructed  In  1962 
by  dredging  an  entrance  channel  and  berthing  basin  and  by 
constructing  two  jetties  through  a narrow  beach.  The  jetties 
and  channel  Immediately  began  to  interupt  sand  transport,  forming 
a fillet  on  the  west  (up-drift)  beach,  inducing  erosion  on  the 
east  (down-drift)  beach,  and  shoaling  the  entrance  channel. 

Within  a few  years,  the  entrance  channel  shoaled  to  the  extent 
that  it  was  effectively  closed  to  navigation  for  approximately 
four  months  each  winter.  A dredge  had  to  be  mobilized  to  clear 
the  channel  each  spring.  The  channel  would  remain  open  for 
navigation  through  the  summer  and  fall  until  the  severe  winter 
waves  accelerated  the  shoaling.  The  House  Document  authorizing 
construction  of  the  harbor  specified  that  a permanent  sand  bypassing 
procedure  be  developed  and  turned  over  to  the  local  authorities. 


PURPOSE 


A. 2 This  study  was  conducted  to  define  and  document  the  littoral 
processes  and  to  develop  a cost  effective  maintenance  or  sand 
bypassing  procedure.  The  study  was  conducted  in  1977  and  1978 
in  three  phases.  The  purpose  of  the  first  phase  was  to  develop 
an  interim  multi-year  dredging  program  to  maintain  the  channel 
until  a permanent  solution  could  be  found.  The  purpose  of  the 
second  phase  was  to  document  the  littoral  processes  contributing 
toward  shoaling  of  the  harbor  entrance  channel.  The  purpose  of 
the  third  phase  was  to  develop  and  evaluate  alternate  long-term 
solutions  for  mitigating  the  shoaling  and  keeping  the  harbor 
entrance  channel  open. 
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A. 3 The  length  of  shoreline  studied  comprised  the  coastal 
reach  between  the  San  Lorenzo  River  and  Black  Point,  and  the 
study  was  limited  in  scope  generally  to  an  analysis  of  existing 
data. 

A. A The  first  phase  dredging  study  was  conducted  prior  to  the 
littoral-processes  study  so  that  the  interim  dredging  program 
could  be  implemented  in  the  winter  of  1977-78.  Development  of 
the  interim  dredging  program  was  based  on  review  of  government 
furnished  aerial  photography,  condition  surveys  and  historical 
wave  data;  on  review  of  various  sources  of  coastal  data  from 
local  universities,  11.  S.  Geological  Survey  (NOAA) , CERC,  and 
WES;  and  on  interviews  with  WES  personnel  at  Santa  Cruz  that 
were  conducted  to  ascertain  the  results  of  the  Corps’  experi- 
mental sand  bypassing  program.  Technical  information 
pertinent  to  the  multi-year  dredging  program  Included  a determi- 
nation of  the  length  of  time  harbor  closure  could  be  expected 
or  tolerated,  the  required  size  or  discharge  capacity  of  the 
dredge  or  other  equipment  that  might  be  used  in  the  program, 
the  critical  standby  periods  of  the  vear,  the  minimum  channel 
dimensions  to  be  maintained  during  winter,  and  the  best  loca- 
tion for  sand  disposal.  This  report  documents  the  experiences 
of  the  1977-1978  dredging  operation  for  input  in  future 
dredging  specifications. 

A. 5 The  littoral  processes  study  was  conducted  to  clearly 
define  the  specific  local  littoral  processes  that  cause 
shoaling  of  the  Santa  Cruz  Harbor  entrance  channel.  The  study 
was  conducted  prior  to  February  1978  and  was  updated  for  this 
final  report.  A secondary  work  item  involved  an  evaluation  of 
existing  montoring  programs  and  recommendations  for  their 
modification  in  future  applications. 

A. 6 The  third  phase  studv  was  conducted  to  develop  a minimum 
of  13  alternative  solutions  to  the  maintenance  problem  that 
appeared  reasonable  from  the  standpoints  of  cost-effectiveness, 
of  environmental  and  social  acceptability,  of  plan  effective- 
ness and  of  engineering  practicality.  Preliminary  plans  and 
cost  estimates  for  the  alternative  solutions  were  prepared  in 
sufficient  detail  for  preliminary  engineering  evaluation. 

Costs  were  based  on  February  1978  price  levels. 
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THE  REPORT 


A.  7 This  report  comprises  six  sections.  Section  A defines 
the  purpose  and  scope  of  study  and  summarizes  prior  reports. 
Section  R provides  a description  and  history  of  the  harbor  and 
defines  the  problem.  Section  C is  a detailed  analysis  of  the 
littoral  processes.  Section  D describes  the  multi-year  interim 
dredging  program,  explains  its  formulation  and  evaluates  its 
performance  in  the  first  year.  Section  F presents  lb  alternative 
solutions  to  mitigate  the  effects  of  shoaling.  Section  F presents 
the  conclusions  of  the  study  and  recommends  the  most  appropriate 
course  of  action  to  pursue,  based  on  evaluation  of  the  impacts 
and  cost  of  each  alternative.  References  are  listed  in  appendix 
l and  onorgv-tlux  calculations  are  contained  in  appendix  2. 


PRIOR  REPORTS 


A. 8 Federal . A report  by  the  San  Francisco  District,  Corps 
of  Engineers,  titled  "Reach  Erosion  Control  Report  on  Cooperative 
Study  of  Santa  Crur  Area,  Pacific  Coastline  of  California", 
dated  January  20,  1*156,  indicated  that  the  possible  sources  of 
littoral  material  for  the  region  are  erosion  in  drainage  areas 
bv  tributary  streams,  erosion  of  sea  cliffs,  and  upcoast  littoral 
transport.  An  experimental  groin  was  constructed  400  feet  west 
of  the  present  site  of  the  west  Jetty  to  determine  the  littoral 
transport  rate.  From  June  1955  to  April  195n,  littoral  drift 
did  not  accumulate  on  the  west  side  and  a net  loss  of  7,000 
cubic  yards  was  observed  on  the  east  side.  No  determination  of 
the  sediment  transport  rate  was  made  because  of  the  inconclusive 
results.  The  study  stated  that  the  Twin  Takes  Reach  shoreline 
has  experienced  significant  seasonal  fluctuations,  evidenced  by 
the  shoreline  reach  fronting  Woods  l.agoon  and  Schwans  l.agoon, 
which  has  receded  as  much  as  150  feet  during  the  winter  season. 
The  eastern  end  of  Twin  Lakes  Reach  receded  to  the  bluff  line 
during  the  winter  months  and  aggraded  during  the  summer  months. 
The  study  concluded  from  a wave  analysis  that  Twin  Lakes  Reach 
shoreline  alignment  is  the  result  of  the  groin  effect  of  black 
Point . 


A. 9 A report  by  the  San  Francisco  District,  Corps  of  Engi- 
neers, titled  "Survey  Report,  Santa  Cruz  Harbor,  California", 
dated  May  1*157,  indicated  that  three  possible  sources  of  littoral 
material  entering  Santa  Cruz  Harbor  are  offshore  deposits, 
upcoast  and  downcoast  littoral  transport  of  sediments  derived 
from  bluff  erosion,  and  coastal  streams.  The  minimum  estimated 
net  annual  littoral  transport  rate  of  25,000  cubic  yards  was 
inferred  from  the  shoaling  rate  at  Moss  Landing  of  47,000  cubic 
yards  and  maintenance  dredging  at  Monterey  Harbor  of  14,000 
cubic  yards.  An  estimated  maximum  rate  of  300,000  cubic  yards 
per  year  was  calculated  from  analyses  of  sediment  discharge 
rates  of  streams  between  Halfmoon  Bay  and  Santa  Cruz  and  from 
bluff  erosion  rates  between  Point  Ano  Nuevo  and  the  San  Lorenzo 
River.  The  study  concluded  that  the  jetties  proposed  by  the 
survey  report  would  act  as  littoral  barriers  which  would  trap 
sand,  stabilizing  the  shoreline  between  Woods  Lagoon  and  the  San 
Lorenzo  River.  Downcoast  erosion  was  projected  to  be  alleviated 
by  placing  materials  dredged  from  Woods  Lagoon  during  construction 
on  the  downdrift  beach  to  the  east.  Two  methods  of  coping  with 
the  shoaling  were  to  construct  an  offshore  breakwater  to  impound 
sand  and  intermittently  bypass  the  entrapped  sand,  or  to  bypass 
littoral  drift  by  stationing  a floating  dredge  in  the  entrance 
channel . 

A. 10  House  Document  No.  357,  85th  Congress,  2nd  Session,  July 
3,  1958,  authorized  the  construction  of  a light-draft  harbor  in 
Woods  Lagoon  at  the  eastern  boundary  of  Santa  Cruz.  The  author- 
ized project  consisted  of  an  entrance  channel,  an  inner  channel, 
a turning  basin,  two  rubblemound  jetties,  and  a sand-bypassing 
plant . 

A.  11  A report  by  the  San  Francisco  District,  Corps  of  Engineers, 
titled  "Santa  Cruz  Harbor,  California,  Design  Memorandum  No.  1," 
dated  December  1960,  designed  the  improvements  of  Santa  Cruz 
Harbor  as  described  in  House  Document  No.  357,  85th  Congress, 

2nd  Session.  The  designs  for  project  structures  were  based  on  a 
design  wave  with  a height  of  21  feet  and  a period  of  16  seconds. 
The  report  stated  that  if  the  actual  littoral  transport  rate 
approached  the  minimum  value  of  25,000  cubic  yards  per  year, 
only  normal  maintenance  dredging  would  be  required.  If  the 
actual  rate  approached  the  maximum  value  of  300,000  cubic  yards 
per  year,  then  a floating  sand-bypassing  or  maintenance  plant 
would  be  provided  in  accordance  with  the  project  document. 
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A. 12  A report  submitted  by  V.  J.  Grauzinis,  Oceanographic 
Consultant  from  La  Jolla,  California,  titled  "An  Analysis  of 
Seiche  Conditions  in  Santa  Cruz  Harbor,  California,  and  Some 
Implications  for  the  Proposed  Harbor  Extension",  prepared  for 
the  San  Francisco  District,  Corps  of  Engineers,  under  Contract 
No.  DACW07-68-C-0034 , dated  March  1968,  reported  the  findings  of 
a study  on  long-wave  excitation  in  the  existing  harbor  and 
predicted  that  seiche  conditions  would  occur  in  the  new  harbor 
complex.  One  of  the  essential  findings  of  the  study  was  that 
the  high  seiches  occurring  in  the  existing  harbor  are  the  result 
of  the  high  levels  of  excitation  in  the  adjoining  portion  of 
Monterey  Bay  and  are  not  due  to  sharp  resonance  amplification. 

The  investigation  also  determined  that  the  proposed  configura- 
tion of  the  harbor  extension  would  reduce  the  seiche  amplitudes 
from  those  present  in  the  existing  basin. 

A. 13  A report  by  the  San  Francisco  District,  Corps  of  Engineers, 
titled  "Detailed  Project  Report,  City  of  Capitola,  Beach  Erosion 
Study,  Santa  Cruz  County,  California",  dated  December  1969, 
stated  that  the  impoundment  of  littoral  drift  by  the  west  jetty 
after  its  construction  and  the  protection  afforded  to  the  bluffs 
along  West  Cliff  Drive  by  the  accreted  beach  may  have  caused 
some  of  the  erosion  in  Capitola.  However,  the  study  concluded 
that  the  main  source  of  littoral  material  at  Capitola  was  sediment 
discharge  from  Soquel  Creek. 

A. 14  A report  by  the  San  Francisco  District,  titled  "Detailed 
Project  Report,  Extension  of  Existing  Small  Craft  Harbor,  Santa 
Cruz,  California",  Section  107  Study,  dated  October  1970, 
recommended  the  extension  of  the  existing  small-craft  harbor 
into  Woods  Lagoon.  The  report  justified  the  proposed  extension 
by  the  demand  for  additional  slips  and  by  an  analysis  which 
indicated  that  the  project  was  economically  sound.  The  benefit- 
to-cost  ratio  was  estimated  to  be  4.0  to  1.0.  The  proposed 
extension  would  add  455  slips  and  approximately  34  acres  to  the 
existing  small-craft  harbor. 

A. 15  A report  by  the  San  Francisco  District,  Corps  of  Engi- 
neers, titled  "Office  Report,  Santa  Cruz  Harbor  Sand  Bypassing 
Plant,  Santa  Cruz  County,  California",  dated  August  1971,  re- 
ported results  of  an  investigation  of  the  various  methods  of 
sand  bypassing  considered  for  Santa  Cruz  Harbor.  These  methods 
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included:  a rail-mounted  dredRe  located  on  the  west  |otty; 

cab  I cw.i  v buckets;  a fixed  suction  dredge  with  a submerged  pipeline; 
mul  a 12-inch  hydraulic  pipeline  dredge.  The  design  capacity  of 
the  proposed  bypassing  plant  was  300,000  cubic  yards  per  year; 
this  capacity  was  determined  front  the  rate  of  sand  impounded  by 
the  west  jetty  after  its  construction.  The  report  recommended  a 
hydraulic  dredge  for  the  Santa  Cruz  Harbor  maintenance  and 
bypassing  operations.  The  proposed  maintenance  dredging  schedule 
stipulated  that  dredging  operations  would  normally  not  bo  performed 
between  IS  May  and  IS  October.  A sediment  storage  basin  would 
be  created  for  the  storm  season  by  dredging  the  channel  to  full 
project  depths  plus  overdepth  In  November  or  December.  The 
maintenance  dredging  schedule  also  stipulated  that  the  channel 
would  be  dredged  to  the  project  dimensions  at  the  end  of  the 
storm  season  in  April  or  May  to  provide  a navigable  channel 
during  tlie  summer  months. 

A.  lb  A report  by  the  San  I rnnclsco  District,  Corps  of  Engineers, 
titled  "Prototype  Stability  Study  Of  Qundripod  Armor  Units  At 
West  dotty,  Santa  Cruz  Harbor,  Santa  Cruz,  California",  dated 
August  1971,  attempted  to  verify  experimentally  determined 
stability  coefficients  under  prototype  conditions.  The  move- 
ments of  the  quadrlpods  placed  on  the  west  jetty  and  the  Inci- 
dent wave  heights  were  recorded.  Conclusive  verification  was 
not  possible  because  t lie  Incident  wave  heights  were  never 
larger  than  13. ft  feet,  which  is  ft5  percent  of  the  design  wave 
height  of  21  feet. 

A.  17  A report  by  tin*  San  Francisco  District,  Corps  of  F.ngi- 
neers,  titled  "Santa  Cruz  Harbor  Office  Report  — Sand  Bypassing 
Plant",  dated  February  1',  1974,  evaluated  possible  sand-bypassing 
systems  and  other  methods  oi  maintaining  a navigable  channel  for 
the  entire  year.  Analysis  of  hydrographic  surveys  from  March 
I ‘1  / l to  January  1974  revealed  that  shoaling  of  the  entrance 
channel  begins  at  the  head  of  the  west  jetty  and  advances  to  the 
head  ol  the  east  jetty.  Review  ol  earlier  hydrographic  surveys 
Indicated  that  shoaling  of  the  channel  continues  and  migrates 
fnrther  into  the  channel  with  successive  winter  storms.  On  the 
basis  of  a site  inspection  of  the  west  jetty,  leakage  of  sand 
through  the  |ctty  was  estimated  to  he  less  than  ten  percent. 

The  report  concluded  that  jet-pump  bypassing  would  be  tin*  most 
practical  and  economical  solution  to  the  shoaling  problem,  and 
that  sealing  the  voids  In  the  jetty  should  be  deferred  until 
.•liter  a bypass  system  lias  been  Installed. 
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A.  18  A report  hv  the  Sun  Francisco  District,  Corps  ol  Eng  Inner  s, 
titled  "Environmental  Statement,  Draft,  Maintenance  Dredging 
(FY1974),  Santa  Cruz  Harbor,  Santa  Cruz,  California",  dated 
March  1974,  Identified  the  following  processes,  listed  In  order 
of  magnitude,  as  the  causes  for  the  shoaling  of  the  harbor:  ( 1 1 
bypassing  of  sand  around  the  head  of  the  west  jetty;  (2)  leakage 
of  sand  through  the  porous  west  jetty;  (3)  aeolian  transport  of 
sand  over  the  west  Jetty;  and  (4)  transport  of  sand  around  the 
east  Jetty  during  littoral  transport  reversals. 

A. 19  A report  by  Moffatt  4 Nichol,  Engineers,  titled  "Interim 
Dredging  Program  for  Santa  Cruz  Harbor,  California",  prepared 
for  the  San  Francisco  District,  Corps  of  Engineers,  under  Contract 
No.  DACW07-77-C-0023,  dated  November  1977,  described  a plan  for 
a multi-year  dredging  program  aimed  at  maintaining  the  channel 
open  year-round  until  a permanent  solution  to  the  shoaling 
problem  is  implemented.  The  study  recommended  periodic  dredging 
in  the  entrance  channel  during  the  winter  with  a dredge  stationed 
in  the  harbor  from  November  through  May. 

A. 20  A report  by  Moffatt  4 Nichol,  Engineers,  titled  "Littoral 
Processes  Study  for  Santa  Cruz  Harbor,  California",  prepared  for 
San  Francisco  District,  Corps  of  Engineers,  under  Contract  No. 
DACW07-77-C-0023,  dated  February  1978,  described  the  littoral 
processes  and  estimated  the  quantities  of  sand  shoaling  the 
harbor  entrance  channel.  A net  littoral  transport  rate  off  the 
entrance  channel  of  300,000  cubic  yards  pe*-  vear  was  estimated. 

An  estimated  100,000  cubic  yards  per  year  were  forming  a tip 
shoal  in  the  entrance  channel,  20,000  cubic  yards  were  leaking 
through  the  voids  in  the  west  Jetty,  and  1000  cubic  yards  per 
year  were  leaking  through  the  east  Jetty.  An  estimated  shoaling 
of  20,000  cubic  vards  per  year  was  attributed  to  reversal  in 
transport,  including  the  effects  of  rip  current  and  offshore- 
onshore  transport  at  the  head  of  the  east  Jetty.  Wind  transport 
and  onshore  transport  from  the  offshore  region  were  estimated  to 
be  7000  and  2000  cubic  yards  per  year  respectively.  Sand  was 
estimated  to  be  bypassing  the  entrance  channel  at  a rate  of 
175,000  cubic  yards  per  year.  Annual  dredging,  using  the  dredging 
practices  prior  to  1977  winter,  was  estimated  at  150,000  cubic 
yards  per  year. 


A..’l  A report  by  Moflatt  & Nlohol,  Engineers,  titled  "Feasibility 
Studv  to  Mitigate  Shoaling  in  Santa  Cruz  Entrance  (’hannel", 
prepared  for  San  Franclaco  District,  Corps  of  Fngineers,  under 
Contract  No.  DACW07-77-C-0073,  dated  March  1*178,  presented  and 
evaluated  lb  alternative  solutions  to  the  shoaling  problem.  The 
alternatives  were  classified  as  maintenance,  bypassing,  and 
structural  solutions.  Feasibility  of  each  solution  was  determined 
based  on  cost-effectiveness,  reliability,  and  environmental 
impact . The  report  was  prepared  for  evalunt ion  by  the  Federal 
Vidal  Hydraulics  Committee. 

A. 22  Others.  A technical  report  by  T.  E.  Yancey  ot  the 
Hydraulic  Engineering  Laboratory,  at  the  University  of  California, 
Berkeley,  California,  titled  "Recent  Sediments  of  Monterey  Bay, 
California",  dated  duly  l*)bQ,  reported  that  different  sediment 
types  in  Monterey  were  found  in  three  widespread  bands  which 
generally  were  aligned  parallel  to  the  submarine  contours  of 
Monterey  Bay.  The  outermost  band  which  predominately  consists 
ot  coarse  grained  sediments  with  some  cobbles  occurs  along  the 
seaward  edge  of  the  continental  shelf  and  ranges  In  width  from 
one  t o three  miles.  The  middle  band  which  consists  of  very  line 
grained  muds  is  approximately  three  to  four  miles  wide  and  was 
I ound  in  water  depth  between  ISO  and  300  feet.  The  Innermost 
band  along  the  present  shoreline  comprises  coarse  and  medium 
grained  sediments  that  are  being  worked  by  waves  close  to  shore. 

The  study  reported  that  the  cover  sediments  were  not  simply 
reworked  in  place,  but  that  sediment  is  being  moved  into  deeper 
water  from  the  shoreline,  and  being  sorted  by  size,  with  the 
tinest  sediments  being  carried  farthest  from  the  shoreline.  The 
report  identified  three  major  sediment  sources  for  Monterey  Bay. 

The  two  largest  are  the  Salinas  and  Pajaro  rivers  and  the 
remaining  source  is  downcoast  transport  of  beach  sand  in  the 
northern  portion  of  the  Bay.  San  Lorenzo  River  wag  not  deter- 
mined to  be  a significant  source  of  sediments.  Investigation  of 
mineral  provinces  indicated  that  most  sediments  remained  in  the 
local  area,  with  longshore  transport  distr ibuting  the  coarser 
sediments  in  the  longshore  direction,  drain-size  distributions 
Indicated  that  large  quantities  of  sediments  were  moving  directly 
offshore  from  the  beaches. 
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A. 23  A report  prepared  by  Karl  and  Wright,  Consulting  Engineers, 

San  Francisco,  California,  titled  "Dredging  Report  On  Santa  Cruz 
Harbor,  Santa  Cruz,  California",  for  the  Santa  Cruz  Port  District, 
dated  June  1,  1970,  reported  on  an  Investigation  of  the  shoaling 
problem  of  Santa  Cruz  Harbor.  The  report  Identified  the  movement 
of  sand  from  west  to  east  along  the  Santa  Cruz  beaches  as  being 
the  primary  cause  of  the  shoaling.  From  observations  of  updrlft 
beach  erosion  and  from  sediment  discharge  volumes  of  the  San 
Lorenzo  River,  It  was  estimated  that  the  total  volume  of  littoral 
drift  was  approximately  300,000  cubic  yards  per  year.  The 
report  estimated  that  a bypassing  system  should  be  capable  of 
ha.  dllng  175,000  cubic  yards  per  year.  The  remainder  was 
assumed  to  naturally  bypass  the  channel  mouth.  The  recommenda- 
tion with  regard  to  the  alleviation  of  the  shoaling  problem  was 
to  acquire  a lA-lnch  floating  dredge  which  would  perform  the 
necessary  sand-bypassing  and  maintenance  dredging. 

A.2A  A Master’s  thesis  by  Richard  0.  Anderson,  United  States 
Naval  Postgraduate  School,  titled  "Sand  Budget  For  Capitols 
Beach,  California",  dated  March  1971,  determined  from  monthly 
wave  energy-flux  calculations  that  the  net  littoral  transport 
for  Cap i tola  was  downcoast  for  the  entire  year.  The  major 
source  of  sediment  in  the  study  area  was  found  to  be  the  upcoast 
beaches  at  Santa  Cruz.  Annual  potential  drift  rates  of  352,000 
and  310,000  cubic  yards  per  year  were  determined  for  the  Santa 
Cruz  and  Capitols  shorelines,  respectively.  The  study  concluded 
that  the  depletion  of  sand  from  Capitols  Beach  in  1905  was  the 
result  of  construction  of  Santa  Cruz  Harbor. 

A. 25  A report  by  Jon  T.  Moore  of  the  University  of  California 
at  Berkeley,  titled  "A  Case  History  of  Santa  Cruz  Harbor,  California", 
dated  June  1972,  reviewed  the  Santa  Cruz  Harbor  Project  and 
maintenance  problems  since  its  construction.  The  study  described 
the  shoreline  between  the  San  Lorenzo  River  and  Soquel  Creek 
prior  to  the  construction  of  the  harbor  as  being  a site  of 
active  erosion.  From  a comparison  of  profiles  measured  along 
the  centerline  of  the  channel,  the  study  determined  that  shoaling 
of  the  channel  starts  at  about  the  dogleg  in  the  entrance  channel. 
Waves  diffracting  around  the  head  of  the  west  jetty  appear  to 
transport  material  farther  inside  the  channel.  Calculations  of 
upcoast  drift  bypassing  around  the  east  Jetty  by  waves 


from  the  southeast  to  south-southeast  indicated  that  shoaling 
during  reversals  in  littoral  transport  was  not  significant. 

A. 26  A report  by  Dr.  Douglas  L.  Inman,  Scripps  Institution  of 
Oceanography,  titled  "Summary  Report  Of  Man's  Impact  On  The 
California  Coastal  Zone",  for  the  California  Department  of 
Navigation  and  Ocean  Development,  dated  November  1976,  stated 
that  Santa  Cruz  is  situated  near  the  southern  terminus  of  a 
littoral  cell  that  begins  at  the  mouth  of  San  Francisco  Bay. 

The  report  concludes  that  of  the  total  sediment  supply  to  the 
Santa  Cruz  area  is  200,000  cubic  yards  of  littoral  drift  per 
year  from  upcoast  sources  and  an  additional  100,000  cubic  yards 
per  year  by  sediment  discharge  from  the  San  Lorenzo  River.  The 
report  stated  that  the  shoaling  process  appears  to  involve  the 
removal  and  deposition  of  beach  sand  offshore  by  short-period, 
steep  storm  waves  from  the  southwest;  subsequent  redistribution 
of  the  sand  by  long-period  swells  from  the  west  moves  the  drift 
shoreward  back  onto  the  beach  and  into  the  channel.  A number  of 
remedial  actions  were  suggested,  including  overdredging  of  the 
entrance  channel  to  provide  storage  for  the  littoral  drift,  the 
creation  of  a sand  trap  seaward  of  the  west  jetty  either  by 
overdredging  or  by  the  construction  of  a detached  breakwater, 
and  the  installation  of  a crater-sink,  fixed  sand-bypassing 
plant  at  the  harbor  entrance. 


INVOLVED  PARTIES 


A. 27  In  January  of  1951,  the  Santa  Cruz  Port  District  became 
a legally  constituted  public  body.  The  goal  of  the  District  was 
to  improve  the  waterways  and  harbor  facilities.  The  design  of 
the  inner  harbor,  including  bulkheads,  revetments,  berthing 
facilities,  and  public  landing,  was  performed  by  an  engineering 
firm  retained  by  the  Port  District.  The  operation  of  the 
harbor  since  its  construction  has  been  the  responsibility  of  the 
District. 

A. 28  The  participation  of  the  Waterways  Experiment  Station  in 
the  Santa  Cruz  Harbor  shoaling  problem  involved  the  installation 
of  an  experimental  jet-pump,  fixed  sand-bypassing  plant  on  the 
west  jetty.  The  project  was  authorized  in  1975  as  a one-year 
pilot  operation  to  test  the  capability,  cost,  and  reliability  of 
the  jet-pump  system.  The  system  began  operations  in  July  1976 
and  tests  were  completed  in  March  1978. 
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SECTION  B 


THE  PROBLEM  AND  ITS  CAUSES 


LOCATION  AND  DESCRIPTION  OF  STUDY  AREA 


B.l  Santa  Cruz  Harbor  Is  located  on  the  northern  coast  of 
Monterey  Bay,  figure  Bl,  about  65  miles  south  of  San  Francisco 
and  14  miles  north  of  Moss  Landing.  The  project  site  is  at  the 
eastern  limit  of  the  city  of  Santa  Cruz,  figure  B2,  in  what  was 
formerly  Woods  Lagoon.  Santa  Cruz  is  a recreational  resort 
area,  well  known  for  its  ocean  and  freshwater  fishing,  boating, 
golfing,  riding,  and  swimming.  Much  of  its  income  is  derived 
from  outside  sources,  such  as  tourist  trade  and  seasonal  resident 
The  city  of  Santa  Cruz  Is  bordered  on  the  east  by  the  city  of 
Capltola.  The  Santa  Cruz  Mountains  are  to  the  north  and  the 
Natural  Bridges  Beach  State  Park  borders  Santa  Cruz  on  the  west. 


PHYSIOORAPHY 


B.2  Regional  Ceology  and  Tributary  Areas.  A brief  descrip- 
tion of  the  regional  geology  and  tributary  areas  is  provided  to 
Identify  possible  sources  of  littoral  drift  entering  the  Santa 
Cruz  area.  The  Beach  Erosion  Control  Report,  Appendix  2,  1956, 
details  the  geology  and  tributary  areas.  The  shoreline  region 
lying  northwest  of  Santa  Cruz,  extending  from  Halfmoon  Bay  to 
Point  Santa  Cruz,  comprises  sea  cliffs  and  small  pocket  beaches 
which  occur  mostly  at  the  mouths  of  small  creeks.  Wave-induced 
erosion  of  the  sea  cliffs  is  a possible  source  of  littoral 
material  at  Santa  Cruz.  Sea  cliffs  comprise  shale  and  cretaceous 
sediments  in  most  of  the  southern  two-thirds  of  this  reach; 
however,  these  sediments  are  not  the  significant  contributors  of 
beach  material  at  Santa  Cruz.  Marine  terrace  deposits  overlay 
the  sea  cliffs  along  the  southern  two-thirds  of  the  region  and 
may  be  the  primary  contributors  of  beach  material. 


B. 3 Drainage  in  the  region  is  typified  by  short,  steep- 
gradient  streams  originating  in  the  Santa  Cruz  mountain  range. 

Near  the  ocean,  the  rivers  have  the  character  of  drowned  river 
valleys.  The  streams  have  small  drainage  areas,  and  flows  are 
characterized  by  flash  floods.  No  deltas  are  found  offshore 
because  the  wave  climate  rapidly  removes  sediments  and  distributes 
them  along  the  beach  and  offshore. 

B.4  The  reach  of  shoreline  between  Point  Santa  Cruz  and 
Sequel  Point  includes  Santa  Cruz  Beach,  the  San  Lorenzo  River, 
and  stretches  of  sea  cliffs.  The  San  Lorenzo  River,  0.5  miles 
west  of  Santa  Cruz  Harbor,  has  a drainage  basin  of  137  square 
miles  and  an  annual  runoff  of  125,000  acre-feet.  The  heaviest 
runoff  occurs  during  the  winter  months,  October  through  April. 
Estimates  made  by  the  Corps  of  Engineers  (1974)  indicate  that 
the  annual  sediment  discharge  of  the  San  Lorenzo  is  between 

88.000  and  133,000  cubic  yards.  Of  this  total,  20  percent,  or 

18.000  to  27,000  cubic  vards,  was  assumed  to  be  of  sand  sizes 
found  on  beaches  in  the  study  area.  Yancey  ( 1 9 8 5 also  determined, 
by  studying  minerals  of  the  river  basin  and  beaches,  that  the 

San  Lorenzo  River  is  not  a primary  contributor  of  beach  sand. 

The  sea  cliffs  immediately  east  of  the  San  Lorenzo  River  are 
Monterey  shale.  These  cliffs  are  not  considered  to  he  a primary 
source  of  beach  material  because  they  neither  contain  beach  size 
material  nor  are  they  exposed  to  severe  wave  attack. 

R. 5 The  reach  of  shoreline  between  Soquel  Point  and  Capitola 
is  characterized  by  sea  cliffs.  The  sea  cliffs  east  of  Soquel 
Point,  Opal  Cliffs,  are  actively  eroding.  Marine  terrace  deposits 
blanket  the  cliffs,  which  comprise  a poorly  consolidated  clav- 
to-gravel  material.  Erosion  of  these  cliffs  may  be  an  important 
source  of  beach  material  for  beaches  east  of  the  cliffs.  Soquel 
Creek,  which  discharges  into  Soquel  Cove  at  Capitola,  has  a 
drainage  basin  of  42.4  square  miles.  The  flow  of  Soquel  Creek 
is  ephemeral  in  nature,  with  flash  floods  occurring  during  the 
winter  season.  A sand  load  of  8,000  cubic  yards  per  year  was 
estimated  by  the  Corps  of  Engineers,  using  the  same  factors 
assumed  in  the  San  Lorenzo  River  calculations.  Because  of  the 
relatively  small  quantity  of  sand  load  and  the  location  of 
Soquel  Creek  to  the  east  of  the  study  site,  its  contribution  to 
the  sediment  budget  is  not  an  important  factor  in  this  study. 
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B.6  Offshore  of  the  project  site  is  a narrow  continental 
shelf  which  drops  off  into  the  Monterey  Canyon  located  in  the 
middle  of  Monterey  Bay.  Figure  B3  shows  the  general  bathymetric 
features  of  the  Santa  Cruz  embayment.  The  beach  slopes  steeply 
to  the  20-foot  depth  contour,  then  slopes  very  gently  to  the 
south.  The  bottom  comprises  hard  rock  outcroppings  which  are 
partially  overlain  with  unconsolidated  sediment. 

B.7  Shoreline  Reaches.  For  purposes  of  discussion,  the  study 
shoreline  was  divided  into  three  shoreline  reaches:  upcoast. 

Twin  Lakes  Beach,  and  downcoast.  The  upcoast  reach  extends  from 
Point  Santa  Cruz  to  the  San  Lorenzo  River.  Point  Santa  Cruz, 
which  is  near  the  northwestern  limit  of  Monterey  Bay,  shelters 
Santa  Cruz  Harbor  from  ocean  swell  arriving  from 
the  north  and  northwest.  The  emphasis  of  the  study  was  concen- 
trated on  the  Twin  Lakes  Beach  reach,  a highly  developed  recrea- 
tional beach  fronting  Santa  Cruz  Harbor.  Twin  Lakes  Beach  is 
the  reach  that  extends  from  the  San  Lorenzo  River  eastward  to  a 
headland  known  as  Black  Point.  This  headland  acts  as  a natural 
groin  which  stabilizes  the  Twin  Lakes  Beach  shoreline.  The 
downcoast  shoreline  reach  extends  from  Black  Point  to  the  city 
of  Capitola.  Soquel  Point,  which  is  the  western  terminus  of  the 
Opal  Cliffs,  is  located  in  the  downcoast  reach. 

B.8  The  upcoast  reach  of  the  study  area  contains  two  dis- 
tinctly different  shoreline  segments,  a north-south  segment  and 
the  Santa  Cruz  Beach  segment.  The  north-south  segment  consists 
of  sea  cliffs  about  25  feet  in  height  fronted  by  a wave-cut 
terrace.  The  southern  terminus  of  this  segment  is  Point  Santa 
Cruz,  and  the  northern  terminus  is  Santa  Cruz  Beach.  The  Santa 
Cruz  Beach  segment,  a highly  developed  recreational  beach,  is 
aligned  in  an  east-west  direction.  This  section  of  the  shoreline 
is  not  backed  by  bluffs. 

B.9  The  Twin  Lakes  Beach  reach  can  be  further  divided  for 
discussion  into  two  segments.  The  western  or  updrift  segment  is 
bounded  by  the  San  Lorenzo  River  to  the  west  and  by  Santa  Cruz 
Harbor  to  the  east.  At  the  western  terminus  of  this  read), 
immediately  east  of  the  mouth  of  the  San  Lorenzo  River,  a 
natural  rock  groin  projects  from  the  shoreline.  The  updrift 
shoreline  is  characterized  by  low  bluffs  which  are  fronted  by 
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!a  wide  sandy  beach.  Prior  to  the  construction  of  the  Harbor 

Jetties,  the  beach  did  not  protect  the  bluff  from  wave  attack  at 
high  tide.  The  eastern  or  downdrlft  segment  extends  from  the 
harbor  entrance  to  Black  Point.  The  western  half  of  tills  segment, 
which  fronts  the  harbor  and  Schwans  l.agoon,  consists  of  a sand 
beach  approximately  2000  feet  long.  The  eastern  half  of  the 
downdrlft  segment  Is  backed  for  most  of  the  distance  by  bluffs 
about  35  feet  In  height. 

B. 10  The  western  and  eastern  boundaries  of  the  downcoast  reach 
are  Black  Point  and  the  city  of  Capitola,  respectively.  A 
second  prominent  headland,  Soquel  Point,  is  located  one  mile 
east  of  Black  Point.  The  shoreline  between  Black  Point  and 
Sunny  Cove  east  of  Black  Point  is  characterized  by  rocky  ledges 
which  are  resistant  to  wave  attack.  From  Sunny  Cove  to  Soquel 
Point,  the  shoreline  consists  of  bluffs  which  average  35  feet  in 
height.  The  bluff  line  is  broken  at  two  locations  by  Corcoran 
Lagoon  and  Moran  Lake.  The  shoreline  from  Soquel  Point  to 
Capitola  is  about  14,000  feet  long  and  is  backed  by  the  Opal 
Cliffs,  which  range  in  height  from  35  to  75  feet.  For  most  of 
the  year,  the  Opal  Cliffs  shoreline  Is  devoid  of  beach  material, 
which  leaves  the  cliffs  exposed  to  wave  erosion. 

B.ll  Beach  Material.  The  size  distribution  of  beach  materials 
determined  from  the  Littoral  Environment  Observation  (LEO) 
program  are  given  in  table  B1 . Data  were  obtained  from  sand 
samples  taken  in  the  splash  zone  for  various  months  in  1970  and 
1971  at  Twin  Lakes  Beach.  Sediment  samples  were  also  taken  at 
four  stations  shown  on  figure  B4  in  the  Santa  Cruz  Harbor 
channel  by  the  U.S.  Army  Corps  of  Engineers  in  May  1971  and  July 
1973.  Size  distributions  for  these  sediments,  obtained  by  a 
mechanical  analysis,  are  shown  in  the  gradation  curves  in 
figure  B5.  Size  distributions  for  these  sediments  are  also 
given  in  table  Bl.  Sand  sizes  were  med ium-to-f ine,  with  sediments 
In  the  channel  being  slightly  finer  than  the  sand  found  In  the 
splash  zone. 

B. 12  Shoreline  Alignment.  The  general  east-west  orientation 
of  Twin  Lakes  Beach  reach  shoreline  is  maintained  at  this  location 
by  Black  Point,  a natural  rocky  headland  2,500  feet  west  of  the 
east  Jetty.  The  August  1977  shoreline  azimuths  of  the  updrift 
and  downdrift  beaches  were  285°  and  292°,  respectively.  The 
shoreline  azimuth  is  defined  herein  as  the  angle  measured 
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Tab  It'  Bl. 

SEDIMENT  ANALYSIS  STATISTICS 


Source:  LEO 
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.37 

10-31-71 
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clockwise  from  true  north  to  the  general  trend  of  the  shoreline 
fn  the  upcoast  direction.  The  small  difference  between  the 
azimuths  of  the  updrift  and  downdrift  segments  indicates  that 
the  shoreline  has  established  equilibrium  in  response  to  the 
wave  climate  and  sediment  supply  in  each  segment.  The  orientation 
of  the  shoreline  is  an  important  factor  in  defining  the  shore 
processes . 


SHORE  AND  HARBOR  HISTORY 


R.13  The  earliest  hydrographic  surveys  of  the  Santa  Cruz 
region  were  performed  by  the  United  States  Coast  and  Geodetic 
Survey  (U.S.C.  & G.S.)  during  the  period  from  1851  to  18b0.  The 
area  was  resurveyed  by  the  U.S.C.  & G.S.  in  1932.  A Beach 
Erosion  Control  Report  of  Santa  Cruz  beach  by  the  Corps  of 
Engineers  in  195b  determined  by  comparison  of  the  surveys  that 
shoreline  and  offshore  depths  from  the  San  Lorenzo  River  to  a 
point  one  mile  east  of  Soquel  Creek  had  experienced  significant 
erosion.  Comparison  of  the  offshore  depth  changes  revealed  that 
a general  deepening  of  the  original  Santa  Cruz  Harbor  near  the 
municipal  pier,  one  mile  west  of  the  Harbor,  had  occurred  during 
the  seventy-two-year  period  between  1860  and  1932. 

B.14  Reports  of  shoreline  conditions  for  the  years  preceding 
the  construction  of  the  harbor  indicate  that  the  bluffs  backing 
the  western  segment  of  Twin  Lakes  Bench  had  experienced  signi- 
ficant recession.  The  bluffs,  fronted  by  a narrow  beach,  were 
exposed  to  wave  attack  at  high  tide  and  were  eroded  an  average 
of  two  feet  per  year  from  1907  to  1958.  The  beach  immediately 
east  of  the  harbor  fronting  Woods  Lagoon  and  Schwans  Lagoon  was 
200  feet  wide  off  East  Cliff  Drive  in  the  summer.  During  the 
winter  months,  the  beach  receded  to  a width  of  only  50  feet.  A 
sandy  beach  formed  in  front  of  the  bluffs  at  the  eastern  terminus 
of  Twin  Lakes  Beach  during  the  summer  months.  Erosion  of  the 
bluffs  occurred  in  the  winter  months  when  the  high-water  line 
receded  to  the  foot  of  the  bluffs. 

B. 15  Construction  of  Santa  Cruz  Harbor  was  authorized  by  Con- 
gress under  the  River  and  Harbor  Act  of  1958  by  House  Document 
No.  357,  85th  Congress,  2nd  Session,  which  provided  for  a 


harbor  for  light-draft  vessels  In  Woods  Lagoon  at  tin*  eastern 
boundary  of  Santa  Cru*.  The  authorized  Improvements  included 
two  rubblemound  lettles  1200  feet  long  and  810  feet  long,  on  the 
west  and  east  sides  of  an  entrance  channel,  respectively;  an 
entrance  channel  approximately  800  feet  long,  100  feet  wide  and 
20  feet  deep,  reducing  to  15  feet  in  depth  at  the  same  width  for 
an  additional  170  toot;  an  Inner  channel,  800  feet  long,  150 
feet  wide,  IS  feet  deep,  reducing  to  10  feet  in  depth  at  the 
same  width  for  an  additional  LOO  feet;  a turning  basin  approxi- 
mately 100  feet  long,  250  feet  wide,  and  10  feet  deep;  and  a 
sand-bypassing  plant.  Figure  Bb  shows  project  features.  Tin* 
armoi  units  of  the  seaward  side  of  tin-  west  jetty  are  28-ton 
quadr ipods.  The  west  Jetty  also  has  a concrete  cap  extending  to 
elevation  + lb  feet  ML1.W. 

B. lb  Construction  of  the  harbor  was  initiated  in  February  of 
I8b2  with  the  dredging  of  Woods  Lagoon  and  the  start  of  work  on 
the  west  Jetty.  The  west  Jetty  was  completed  in  February,  1 8 n l ; 
then  work  began  on  the  east  jetty,  and  ft  was  completed  in  April 
I8bl.  The  entrance  channel  was  dredged  to  the  project  dimensions 
in  the  summer  of  18b  l.  Construct  ion  of  Santa  Cruz  Harbor  was 
completed  in  November  196.1,  with  the  exception  of  the  sand- 
bypassing plant.  Construction  oi  the  sand-bypassing  plant  was 
deferred  until  the  littoral  drift  rate  could  be  more  accurately 
dot  ernii  ned . 

B.17  During  and  subsequent  to  construction  of  Santa  Cruz  Har-  1 

bor  jetties,  the  beach  west  ol  t he  jetties  experienced  rapid 
accretion,  building  out  from  1 ho  1862  pre-project  shoreline 
about  210  feet  by  18pS  and  about  500  feet  bv  1877.  The  growth 
of  the  beaches  has  protected  the  bluffs  along  Fast  Cliff  Drive 
from  rapid  erosion  by  wave  action.  The  beach  east  of  the 
jetties  soon  receded  ISO  feet  and  the  beach  at  Capitola  vanished. 

It.  18  Shoaling  oi  the  channel  has  required  annual  maintenance 
dredging  reported  to  be  on  the  order  ot  100,000  cubic  yards  per 
year  since  18h5.  In  accordance  with  the  authorizing  document,  a 
12-inch  hydraulic  dredge  was  delivered  to  the  local  interests  in 
1872  to  maintain  the  channel.  However,  the  dredge  was  not 
sufficiently  seaworthy  to  maintain  the  channel  during  the 
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winter,  and  it  was  transferred  to  another  location.  Subsequently 
the  annual  maintenance  dredging  was  performed  by  a dredge  under 
contract  to  the  Corps  of  Engineers  until  1977  when  a multi- 
year, periodic  dredging  program  was  implemented  to  maintain  the 
channel  during  the  winter  season.  In  addition  to  the  maintenance 
dredging,  an  experimental  let-pump  bypassing  system  was  installed 
in  1976  by  the  Waterways  Experiment  Station  (WES)  to  a field- 
test  this  new  equipment.  During  the  first  year,  sand  was 
aperiodically  removed  from  an  area  between  the  jetties  but 
outside  the  project  channel.  During  the  second  year,  an  eductor 
was  placed  in  the  updrift  surf  zone  to  bypass  sand.  The  eductor 
field  experiment  was  terminated  in  March  1978. 


NATURAL  PHENOMENA 


B.19  T ides.  The  tides  in  Santa  Cruz  are  semidiurnal,  with 

diurnal  inequalities.  The  datum  plane  incorporated  in  this 
report  for  tides  and  water  depths  is  mean  lower  low  water, 
MLLW.  Tide  data  for  Santa  Cruz  are  presented  in  table  B2. 


Table  B2 . TIDE  DATA  FOR  SANTA  CRUZ 


Highest  tide  (estimated) 

Mean  higher  high  water  (MHHW) 
Mean  high  water  (MHW) 

Mean  sea  level  (MSL) 

Mean  low  water  (MLW) 

Mean  lower  low  water  (MLLW) 
Lowest  tide  (estimated) 


8.0  feet 
5.3  feet 
4.6  feet 
2.91  feet 
1.10  feet 
0.0  feet 
-2.5  feet 


B.20  W i nd s . Wind  records  considered  pertinent  to  the  littoral  environ- 

ment at  Santa  Cruz  were  obtained  from  meteorological  observations  collected 
from  ships  operating  off  the  California  coast.  The  results  of  these 
observations  are  published  in  the  "Summary  of  Synoptic  Meteorological 
Observations  (SSMO),  North  American  Coastal  Marine  Areas  - Revised, 

Pacific  Coast,  Volume  5 (1976)."  Santa  Cruz  is  within  Area  35,  shown  in 
figure  B7. 
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B.21  A wind  rose  summarizing  the  data  from  Area  35  is  shown  in 
figure  B8.  The  period  of  observation  from  1935  to  1974  contains 
more  than  58,000  observations.  Predominant  winds  are  from  the 
north  and  northwest.  Weaker  and  less  frequent  winds  occur  from 
the  east  and  northeast.  Santa  Cruz  Harbor  is  on  a shoreline 
that  generally  follows  an  east-to-west  alignment.  The  presence 
ot  land  and  orographic  features  locally  modify  wind  patterns 
relative  to  observations  at  sea.  Consequently,  winds  at  Santa 
Cruz  can  be  significantly  different  from  the  winds  over  the  open 
ocean.  However,  the  winds  over  the  wave-generating  area  are  of 
primary  concern  in  this  report.  Wind  data  for  a land-based 
weather  station  at  the  Monterey  Airport  are  also  available,  but 
the  S5M0  wind  data  are  more  applicable  due  to  their  absence  of 
land  effects,  their  longer  data  base,  and  their  location  over 
the  wave-generating  area. 

B.22  Wave  Climate.  The  waves  arriving  at  Santa  Cruz  can  be 
divided  into  three  categories  according  to  origin:  Northern 
Hemisphere  swell.  Southern  Hemisphere  swell,  and  seas  generated 
by  local  winds.  The  geometry  and  bathymetry  off  Santa  Cruz 
allow  swell  to  approach  from  the  south  clockwise  through  west- 
northwest,  whereas  locally  generated  seas  can  approach  from  the 
east  clockwise  through  west-northwest.  The  following  descrip- 
tion of  the  wave  climate  is  taken  from  Marine  Advisers  (I9bl). 

R.23  Northern  Hemisphere  Swell.  Most  of  the  wave  energy 
reaching  Santa  Cruz  is  from  Northern  Hemisphere  swell  generated 
primarily  by  extra-tropical  cyclones  in  the  northern  Pacitic. 
These  cyclones,  also  referred  to  as  Japanese-Al eut ian  storms, 
typically  originate  in  the  vicinity  of  Japan  and  move  eastward 
across  the  higher  latitudes  to  the  Gulf  of  Alaska.  These 
storms  are  most  prevalent  and  intense  during  the  winter  and 
spring  seasons.  Infrequently,  storms  originating  in  the  vicinity 
of  the  Hawaiian  Islands  move  eastward  across  the  mid- latitudes 
and  produce  swell  that  reaches  Santa  Cruz.  However,  this 
southwesterly  swell  is  rarely  as  large  as  that  produced  by  the 
Japanese-Al eut ian  storms.  Tropical  storms  and  hurricanes, 
called  chubascos,  which  develop  off  the  coast  of  Mexico,  during 
the  months  of  July  through  October,  rarely  move  as  far  north  as 
Southern  California,  although  they  do  generate  moderate  swell 
that  reaches  most  of  the  California  coast. 
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B.24  A steep  pressure  gradient  over  the  eastern  Pacific  basin 
can  cause  strong  and  persistent  west- northwesterly  to  north- 
westerly winds.  This  pressure  gradient  is  due  to  the  Pacific 
high-pressure  cell  which  is  the  dominant  meteorological  feature 
during  the  summer  months. 

B.25  Southern  Hemisphere  Swell.  During  the  austral  winter, 
storms  of  great  intensity  and  size  occur  in  the  high  and  mid- 
latitudes of  the  southern  Pacific.  The  storms  are  comparable 
with  the  extra-tropical  storms  of  the  Northern  Hemisphere,  but 
are  often  more  severe.  Swell  generated  by  these  storms  occur 
from  May  through  October,  but  are  most  common  during  August  and 
September.  Because  of  the  great  decay  distances,  these  waves 
have  low  heights  and  long  periods  when  they  reach  Santa  Cruz. 
Typical  southern  hemisphere  swell  has  heights  between  1 and  3 
feet  and  periods  ranging  from  13  to  21  seconds.  These  waves 
approach  Santa  Cruz  are  from  the  south  through  southwest. 

B.26  Seas.  Locally  generated  seas  at  Santa  Cruz  are  most 
severe  from  December  through  February.  Figure  B8  shows  that  the 
predominant  winds  are  from  the  northwest  and  north,  although 
seas  generated  in  these  directions  are  not  refracted  into  Santa 
Cruz.  Seas  arriving  at  Santa  Cruz  can  originate  only  from  the 
east  clockwise  through  the  west-northwest  because  of  land-mass 
restrictions.  Fetch  lengths  for  seas  generated  from  the  south 
clockwise  through  the  west-northwest  are  limited  only  by  the 
distance  over  which  local  storm  winds  blow.  In  energy-flux 
calculations,  fetch  lengths  for  these  directions  were  all  assumed 
to  be  100  nautical  miles.  Fetch  lengths  for  seas  from  the  east 
clockwise  through  south  are  limited  to  a maximum  of  about  20 
nautical  miles  by  the  configuration  of  the  Monterey  Bay  shoreline. 
Refraction  of  waves  over  the  irregular  bathymetry  of  the  Santa 
Cruz  area  has  the  effect  of  reducing  seas  approaching  from  the 
east  or  the  west  relative  to  waves  approaching  from  the  more 
southerly  directions. 

B.27  Tsunami.  The  first  tsunami  reported  in  the  Santa  Cruz 
area  occurred  on  April  1,  1946.  It  consisted  of  12  waves,  the 
largest  of  which  raised  the  tide  level  7.7  feet  above  the 
predicted  tidal  stage.  The  water  at  the  Municipal  Pier 
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surged  for  three  days  following  the  arrival  of  that  tsunami.  In 
1960  a six-foot  rise  in  water  level  due  to  a tsunami  generated 
by  the  Chilean  earthquake  was  recorded,  although  no  significant 
damage  occurred  at  Santa  Cruz.  The  1964  Alaskan  tsunami  raised 
the  water  surface  ten  feet  above  the  predicted  tide  level  in 
Santa  Cruz  Harbor.  As  a result  of  this  tsunami,  a hydraulic 
dredge  used  for  maintenance  was  torn  from  its  moorings,  and  it 
sank  after  striking  the  east  jetty.  Thus,  despite  its  apparently 
sheltered  position,  Santa  Cruz  is  susceptible  to  damage  by 
tsunamis  approaching  from  the  northwest.  In  fact,  the  runup  at 
Santa  Cruz  in  1964  was  twice  that  experienced  at  Monterey 
Harbor.  This  phenomenon  is  possibly  due  to  refraction  induced 
by  the  deep  submarine  canyon  which  bisects  the  bay. 

B.28  Seiches  and  Currents.  Two  types  of  currents  that  occur 
in  the  Santa  Cruz  area  are  caused  by  long-period  waves,  or 
seiches,  and  unidirectional  currents  in  the  offshore  surface. 
Seiches  with  periods  ranging  from  40  seconds  to  greater  than 
four  minutes  have  been  measured  in  Monterey  Bay  by  wave  gages  at 
Monterey  Harbor  and  Moss  Landing.  These  long-period  waves  have 
been  reported  to  occur  at  the  Santa  Cruz  area,  but  have  not  been 
measured  by  instruments.  The  estimated  wave  height  of  these 
seiches  ranges  from  0.5  feet  to  one  foot. 

B.29  Offshore  surface  currents  in  Santa  Cruz  Cove  measured  in 
1925  and  1926  at  the  40-foot  depth  contour  were  generally  from 
west  to  east.  Currents  measured  at  the  seaward  end  of  the 
municipal  pier  were  always  directed  shoreward.  The  maximum 
current  velocity  recorded  during  the  study  was  1.2  feet  per 
second.  No  other  current  studies  are  available  for  the  immediate 
vicinity  of  Santa  Cruz  Harbor. 


LITTORAL  PROCESSES 


B.30  Wave  Transport.  Littoral  transport  is  the  movement  of 
littoral  drift  due  to  the  interaction  of  waves,  winds,  and  cur- 
rents with  sediments.  Modes  of  sediment  motion  are  suspension, 
saltation,  and  bed  load.  Wave  action  moves  bottom  materials  up, 
down,  towards,  and  away  from  the  coast,  tending  to  establish 
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a beach  and  offshore  profile  that  is  in  equilibrium  with  forces 
due  to  water  motion  and  gravity.  During  this  process,  a winnow- 
ing action  occurs  which  carries  the  finer  materials  farther 
offshore  and  deposits  the  coarser  particles  on  the  beach. 

Large,  steep  waves  tend  to  erode  the  beach  and  move  materials 
offshore,  whereas  moderate-  and  low-height  waves  tend  to  move 
material  back  towards  the  beach.  The  direction  in  which  the 
sediments  move  parallel  to  the  beach  is  largely  determined  by 
the  direction  of  the  incoming  waves.  This  direction  can  vary 
from  day  to  day  and  cause  littoral  materials  to  move  both  up 
and  down  the  coast.  Longshore  transport  occurs  when  beach 
material  is  moved  along  a shoreline  by  the  skewed  uprush  and 
backwash  of  waves  arriving  obliquely  to  the  shoreline;  just 
offshore,  longshore  transport  results  from  longshore  currents. 
Movement  occurs  primarily  between  the  breaker  line  and  the  wave 
runup  limit.  Material  is  also  transported  when  waves  stir  the 
bottom  materials  into  suspension  and  bottom  currents  transport 
the  material.  The  absolute  sum  of  all  longshore  littoral 
movements  over  a year  gives  a gross  annual  drift,  whereas  a 
vector  sum  of  the  longshore  movements  results  in  a net  annual 
drift.  The  direction  of  the  net  longshore  transport  is  termed 
"downdrift",  and  the  opposite  direction,  "updrif t".  At  Santa 
Cruz,  the  downdrift  direction  is  to  the  east. 

B.31  The  longshore  movement  of  materials  is  interrupted  when 
a jetty  or  channel  is  constructed  across  the  zone  of  littoral 
transport.  A long  jetty  will  impound  the  net  littoral  transport 
on  the  updrif t side  of  the  structure,  and  an  equal  amount  of 
material  will  theoretically  erode  from  the  downdrift  beach.  A 
channel  will  tend  to  trap  the  gross  littoral  transport  due  to 
the  decrease  in  water  turbulence  a channel  provides. 

R. 32  Wind  Transport.  Aeolian  transport  refers  to  the  process 
whereby  beach  materials  are  transported  by  wind.  This  process 
is  often  evidenced  by  the  presence  of  sand  dunes  on  the  back- 
shore.  Migration  of  these  dunes  landward  can  result  in  a loss 
of  sand  from  the  active  littoral  zone.  Prior  to  the  construc- 
tion of  the  Harbor,  there  was  no  evidence  of  aeolian  transport 
of  significant  amounts  of  beach  material,  although  small  dunes 
were  noted  on  the  downcoast  side  of  some  streams  and  beaches  in 
the  study  area.  After  the  construction  of  the  jetties,  wind- 
blown sand  accumulated  against  the  backshore  part  of  the  west 
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jetty  and  material  overtopped  the  jetty,  subsequently  settling 
In  the  channel. 


B.33  Inlet  Effects.  One  of  the  objectives  of  constructing 
jetties  is  to  control  the  shoaling  of  a channel  by  littoral 
transport.  Given  an  adequate  tidal  prism  in  the  harbor,  the 
channel  will  he  maintained  by  the  scouring  action  of  the  tidal 
flows.  The  Santa  Cruz  Harbor  jetties,  as  evidenced  by  the 
yearly  shoaling  of  the  channel,  are  not  adequately  preventing 
the  infilling  of  the  channel.  In  the  first  few  years  after 
construction  of  the  Jetties,  significant  shoaling  of  the  inlet 
did  not  occur.  Shoaling  of  the  channel  increased  rapidly  when 
the  impounded  fillet  west  of  the  west  jetty  aggraded  to  within 
300  feet  of  the  head  of  the  jetty,  suggesting  that  sand  was 
bypassing  around  the  end  of  the  short  west  jetty  into  the 
entrance  channel.  This  material  remained  in  the  inlet  because 
the  tidal  flow  velocities  were  not  of  sufficient  magnitude  to 
scour  the  excess  sand.  The  tidal  prism  is  not  large  enough  to 
maintain  the  desired  channel  dimension. 


STATEMENT  OF  THE  PROBLEM 


B.34  Construction  of  Santa  Cruz  Harbor  and  maintenance 
dredging  have  Interfered  with  littoral  transport  in  the 
vicinity  of  the  Harbor  and  have  altered  both  the  updrift  and 
downdrift  beach  configurations.  The  updrift  bench  between  the 
San  Lorenzo  River  and  the  west  jetty  has  experienced  signifi- 
cant accretion  since  the  construction  of  the  jetties.  This 
accretion  is  due  to  the  Impoundment  of  sand  against  the  west 
jetty,  which  has  acted  as  a groin  anti  tended  to  stabilize  the 
updrift  shoreline  reach.  The  downdrift  beach,  between  the  east 
jetty  and  Black  Point,  has  also  experienced  long-term  accretion 
since  the  construction  of  the  jetties.  This  accretion  may  be 
tlue  in  part  to  the  construction  of  the  Jetties  between  two 
natural  headlands,  the  rock  projection  east  of  the  San  Lorenzo 
River  and  Black  Point,  which  define  this  shoreline  reach.  The 
new  headland  created  by  the  Jetties  reduced  the  distance  between 
headlands  by  forming  two  cells,  each  with  increased  capability 
to  retain  sand.  This  has  more  effectively  stabilized  the 
shoreline.  The  timing  of  maintenance  sand-bypassing  dredging 
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after  the  major  winter  storm  may  also  contribute  toward  the 
accretion  on  the  downdrift  beach.  One  year  after  the  completion 
of  the  Harbor,  shoaling  occurred  in  the  entrance  channel  and 
dredging  of  the  harbor  was  necessary.  In  subsequent  years,  the 
entrance  channel  has  shoaled  during  the  winter  season;  dredging 
in  the  spring  has  been  required  to  maintain  a navigation  channel. 
Photograph  Bl  shows  the  channel  at  a low  tide  at  the  beginning 
of  a dredging  episode.  This  procedure  has  resulted  in  closure 
of  the  harbor  between  December  and  April  until  1978  when  the 
dredging  practice  was  changed  to  maintain  the  channel  throughout 
the  year. 

B. 35  The  problem  is  to  identify  the  coastal  processes  occur- 
ring in  the  study  area  and  to  determine  which  processes  are 
directly  responsible  for  the  shoaling  of  the  harbor  entrance. 

The  possible  causes  of  the  shoaling  problem  are;  longshore 
sediment  transport  around  the  jetties,  leakage  of  sand  through 
the  jetties,  aeolian  transport  of  sediment  into  the  channel, 
onshore  transport  of  offshore  deposits,  and  tidal  transport. 

The  purpose  of  defining  the  processes  is  to  provide  criteria  for 
developing  a method  of  mitigating  the  shoaling  and  maintaining 
a safe,  year-round  entrance  channel. 
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SECTION  C 


LITTORAI,  PROCESSES 


C.l  The  purpose  of  this  section  is  to  present  and  analyze  the 
available  data  on  littoral  processes  in  order  to  define  the 
mechanism  of  shoaling  in  Santa  Cruz  Harbor.  The  wave  climate  is 
described  to  form  a basis  for  wave  energy-flux  calculations  and 
for  consideration  in  formulating  and  evaluating  maintenance  or 
bypassing  procedures.  Wave  energy-flux  calculations  are  made  to 
estimate  the  potential  for  littoral  transport.  Bathymetric 
surveys  and  dredging  records  are  analyzed  to  determine  historic 
shoaling  rates  and  to  give  insight  into  the  shoaling  mechanism. 
Thus,  based  on  available  data  and  theory,  the  shoaling  process 
is  synthesized. 


WAVE  CLIMATE 


C.2  General . Several  wave  data  sets  are  available  for  Santa 
Cruz.  Characteristics  of  waves  had  been  measured  in  shallow 
water  visually  and  by  wave  gages;  hindcasts  had  been  made  for 
wave  characteristics  at  deep-water  stations  in  offshore  areas. 
Four  sources  of  measured  shallow-water  waves  included  visual 
Littoral  Environmental  Observations  (LEO),  a Marine  Advisers 
wave  gage  off  the  Santa  Cruz  west  jetty,  a wage  gage  off  the 
municipal  pier,  and  a wave-gage  array  installed  by  the  Corps  of 
Engineers  and  State  of  California,  Department  of  Navigation  and 
Ocean  Development,  as  part  of  the  California  Coastal  Engineering 
Data  Network.  Four  sources  of  deep-water  wave  statistics 
included  shipboard  observations  from  the  Summary  of  Synoptic 
Meteorological  Observations  (SSMO),  and  three  hindcast  studies 
listed  below: 

1.  "Wave  Statistics  for  Seven  Deep-Water  Stations  Along 
the  California  Coast",  National  Marine  Consultants, 
December  1960; 

2.  "Deep-Water  Wave  Statistics  for  the  California  Coast," 
Meteorology  International  Incorporated,  February  1977; 
and 


Cl 


3. 


"A  Statistical  Survey  of  Ocean  Wave  Characteristics  in 
Southern  California  Waters",  Marine  Advisers,  January 
1961. 


C.3  LEO  Data.  Visual  observations  of  littoral  processes  were 
taken  by  rangers  at  Twin  Lakes  State  Beach  on  the  east  side  of 
Santa  Cruz  entrance  channel.  Daily  visual  observations  of  wave 
height,  period,  breaker  type,  and  direction  of  approach  were 
taken  during  a period  from  September  1,  1968,  to  February  16, 

1972.  Wave  heights  observed  ranged  up  to  11  feet  and  wave 
periods  ranged  up  to  about  40  seconds.  Wave  directions  were 
classified  into  45-degree  sectors  with  the  majority  of  the  waves 
approaching  from  the  southwest.  The  total  number  of  wave 
observations  was  786.  The  largest  and  smallest  number  of 
observations  were  taken  in  September  and  August,  respectively. 

C.4  Marine  Advisers  Wave  Cage.  Marine  Advisers  installed  and 
monitored  a wave-pressure  gage  located  425  feet  southeast  of  the 
head  of  the  west  jetty  in  a depth  of  20  feet  MLLW.  The  wave 
gage  operated  between  October  1,  1963,  and  June  10,  1968.  The 
data  were  reduced  manually.  Within  this  time  period,  the  maximum 
measured  significant  wave  height  was  13  feet  in  December  1967. 

C.5  Municipal  Pier  Wave  Cage.  A step- resistance  type  gage  was 
mounted  in  February  1968  on  the  seaward  end  of  the  Santa  Cruz 
Municipal  Pier,  about  1 mile  west  of  the  project  site,  and 
operated  until  May  1972.  This  gage  was  installed  with  the 
objective  of  measuring  extreme  wave  events;  consequently,  the 
data  were  not  reduced  on  a routine  basis. 

C.6  California  Coastal  Engineering  Data  Network.  A wave  gage 
station  was  installed  at  Santa  Cruz  Harbor  in  September  1977  as 
part  of  the  California  Coastal  Engineering  Data  Network  sponsored 
jointly  by  the  Department  of  Navigation  and  Ocean  Development 
and  the  U.  S.  Army  Corps  of  Engineers.  The  system  comprised 
four  pressure  transducers  mounted  at  the  corners  of  a 6-meter- 
square  frame  connected  by  submerged  cable  to  a shore-based 
recorder.  The  system  measures  the  momentum  flux  and  slope  of 
the  wave-induced  pressure  field.  The  wave  height,  wave-energy 
spectra,  and  longshore  transport  rate  were  calculated  by  linear 
wave  theory  using  the  data  from  the  slope-array  system  and  some 
empirical  data. 
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Initially  installed  In  20  feet  of  water,  the  transducer  elements 
were  Incapacitated  bv  large  waves  in  late  October,  1077.  The 
system  was  repaired  by  February  1078;  only  five  months  of  data 
were  available  for  analysis.  However,  the  energy  flux  calculated 
from  the  gage  data  generally  agreed  with  that  calculated  from 
the  hindcast  data  set. 

C.7  SSMO.  Visual  observations  of  wave  characteristics  reported 
by  ships  at  sea  within  Area  35  are  summarized  hy  the  wave  rose 
in  figure  Cl.  The  data  are  based  on  more  than  lb, 000  ship 
observations  taken  from  1963  to  1974.  The  maximum  observed  wave 
height  was  16  feet.  The  waves  were  predominantly  from  the 
northwest.  Two  of  the  shortcomings  of  published  SRM0  wave  data 
are  the  large  geographical  area  over  which  the  data  were  collected, 
much  of  which  did  not  contribute  to  the  Santa  Cruz  wave  climate, 
and  the  format  in  which  the  data  are  presented.  The  published 
data  are  presented  in  bivariate  format;  one  table  gives  the 
height  versus  wave  period  and  the  other  gives  the  height  versus 
wind  direction.  These  shortcomings  can  be  remedied  by  directly 
accessing  the  data  tapes,  printing  the  data  in  trivariate 
format  wherein  directions  are  classified  into  30-degree  sectors 
and  wave  heights,  periods,  and  durations  are  classified  bv 
seasons.  In  this  manner,  wave  statistics  from  a specific  area 
bounded  by  36. ON  by  37. 3N  and  121. 0W  by  122. 9W,  depicted  bv 
heavy  solid  lines  in  figure  B7,  were  compiled.  A wave  rose 
representing  this  data  set  is  shown  in  figure  C2. 

C.8  National  Marine  Consultants.  The  National  Marine  Consul- 
tants (NMC)  have  developed  deep-water  wave  statistics  bv  hind- 
casting for  seven  stations  off  the  California  coastline.  Monterey 
Bay  lies  mid-way  between  stations  3 and  4 shown  in  figure  B7. 

The  NMC  data  set  gives  the  wave  height,  period,  and  frequency  of 
occurrence  of  deep-water.  Northern  Hemisphere-generated  swell 
and  of  locally  generated  seas  at  each  station  by  22. 5-degree 
sectors . 


C.9  U.S.  Navy  Fleet  Numerical  Weather  Central.  Deep-water 
wave  statistics  were  developed  by  meteorology  International,  Inc. 
from  the  U.S.  Navy  Fleet  Numerical  Weather  Central  (FNWC)  data 
for  six  stations  off  the  California  coast.  Two  of  these  stations 
share  the  same  locations  and  station  numbers  as  stations  3 and  4 
of  the  NMC  report.  Hlndcasts  of  seas  and  swell  were  made  from 
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wind  fields  developed  from  shipboard-barometer  and  wind-veloeitv 
measurements.  The  data  base  used  in  these  statistics  was 
collected  over  the  time  period  from  19S1  to  1974.  Wave  data  are 
presented  in  tables  giving  frequencv  distribution  ol  wave  height 
versus  wave  period  by  month  and  direction.  Wave  directions  are 
given  in  10°  sectors.  Ext reme- event  listings  are  listed 
chronologically  by  maximum  height  and  hv  maximum  period. 

Northern  Hemisphere  sea,  swell,  and  combined  sea  and  swel 1 
statistics  are  given.  Combined  sea  and  swell  wave  roses  lor 
Stations  3 and  4 are  shown  in  figure  C3. 

C.10  Marine  Advisers.  The  NMC  and  l'NWC  wave  data  accounted 
only  for  waves  generated  in  the  Northern  Hemisphere.  Marine 
Advisers  considered  Southern  Hemisphere  storms  for  several 
stations  off  the  Southern  California  coast.  Data  from  station 
A,  shown  in  figure  C4 , located  about  65  nautical  miles  southwest 
of  San  Clemente  Island  with  coordinates  32.3°N,  119. 6°W,  were 
used  to  describe  the  Southern  Hemisphere-generated  swell  at 
| Santa  Cruz.  Although  this'station  is  several  hundred  miles  away 

t rom  the  project  site,  this  additional  distance  is  relatively 
small  in  comparison  with  the  great  distances  that  these  waves 
travel  from  their  generating  areas  In  the  southern  Pacific 
Ocean.  Statistics  for  Southern  Hemisphere-generated  waves  show 
wave  heights  to  four  feet  and  periods  ranging  from  12  to  22 
seconds.  Calculation  of  height  decay  and  changes  of  direction 
of  approach  due  to  transposing  the  station  revealed  that  con- 
sideration of  land-mass  interference  was  the  only  adjustment 
requi red. 

('.11  Derived  Wave  Cl imate.  A composite  wave  climate  for  the 
Santa  Cruz  locale  was  derived  from  the  various  data  sources  that 
most  accurately  describe  flit'  Northern  Hemisphere  swell.  Southern 
Hemisphere  swell  and  local  sea.  figures  C5  and  C6  present  wave- 
period  histograms  derived  from  the  various  sources.  The  SSMO 
wave  data  sets  were  deleted  after  comparison  of  wave  periods 
which  Indicated  that  the  SSMO  wave  periods  tended  to  reflect 
short-period,  steep  wind  waves  and  to  ignore  the  swell  which 
refracts  into  the  Santa  Cruz  embavment.  The  LEO  data  were  too 
sparse  to  allow  development  of  a vinble  wave  climate;  also,  the 
wave-gage  measurements  were  not  reduced  on  a routine  basis,  tior 
was  direction  of  approach  reported.  The  VNWC  data  set  was  not 
published  at  the  time  of  this  analysis  and  was  therefore  not 
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considered  further  for  the  energy-flux  calculations.  The  slope- 
array  gage  data  were  of  too  short  a duration  to  be  used  for  an 
average  annual  prediction  of  the  wave  climate.  Therefore,  the 
wave  climate  was  compiled  using  the  hindcast  National  Marine 
Consultants  description  of  Northern  Hemisphere  swell  and  the 
Marine  Advisers  description  of  the  Southern  Hemisphere  swell. 

Local  seas  were  described  using  the  National  Marine  Consultants 
data  set  for  waves  from  the  south-southeast  to  west  and  were 
hindcast  using  the  SSMO  wind  rose  for  effective  fetches  exposed 
to  the  east  and  southeast.  Although  this  wave  climate  description 
is  based  on  hindcast  and  sparse  measurements  of  southern  swell. 

It  is  the  most  reliable  and  accurate  description  available  at 
this  time.  The  wave  gage  system  recently  installed  in  Monterey 
Bay  should  provide  more  accurate  data  after  a few  years  of  data 
collection  and  analysis. 

C.12  The  wave  climate  for  the  harbor  site  was  derived  by  refrac- 
tion and  shoaling  analysis  of  the  deep-water  waves.  Tables  Cl 
and  C2  show  the  refraction  coefficients  and  directions  of  wave 
approach  at  the  18-foot  depth  contour  in  the  vicinity  of  the 
Harbor.  Swell  more  northerly  than  northwest  had  refraction 
coefficients  less  than  0.2  and  were  deleted.  Seas  from  the 
northwest  and  north  of  northwest  were  also  deleted  for  similar 
reasons.  Swell  from  directions  east  of  south  were  deleted  due 
to  shadowing  by  Pt.  Pinos  on  the  south  flank  of  Monterey  Bay. 

Monthly  cumulative  wave-height  distributions,  shown  in  figures 
C7  through  C18,  compare  the  measured  waves  at  the  wave  gages 
with  the  transformed  waves.  The  graphs  present  cumulative 
distributions  of  sea,  swell  and  the  joint  occurrence  of  sea  and 
swell.  February  has  the  greatest  occurrence  of  high  waves.  The 
wave-height  distributions  from  the  municipal  pier  exhibited  a 
wide  scatter  In  two  years;  this  scatter  bracketed  the  derived 
wave  climate.  The  Marine  Advisers  gage,  which  reported  a single 
height  and  period  as  opposed  to  the  combined  sea  and  swell,  more 
closely  duplicates  the  individual  distributions  for  long-recurrence- 
interval  waves.  The  cumulative  probability  distribution  of 
combined  sea  and  swell  was  developed  assuming  that  seas  and 
swells  are  independent  events  and  that  some  simultaneous  arrivals 
of  sea  and  swell  superpose  linearly  to  produce  a locally  greater 
wave  height. 
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.91 

.81 

.65 

.48 

.24 

15 

- 

- 

.92 

.91 

.84 

.88 

.43 

.26 

17 

- 

- 

1.10 

.90 

.87 

.92 

.39 

.29 

19 

- 

- 

.89 

.81 

.89 

.95 

.62 

.24 

21 

- 

- 

1.22 

- 

- 

- 

- 

- 

WAVE  RAY 

TABLE  C2 

AZIMUTHS  AT  18'  CONTOUR 

AZ* 

T 

135 

157.5 

180 

202.5 

225 

247.5 

270 

292.5 

5 

149° 

166° 

183° 

201° 

214° 

217° 

230° 

7 

160° 

171° 

184° 

197° 

207° 

211° 

230° 

- 

9 

- 

175° 

184° 

195° 

201° 

205° 

213° 

214° 

11 

- 

- 

185° 

195° 

202° 

201° 

200° 

214° 

13 

- 

- 

184° 

196° 

203° 

205° 

208° 

214° 

15 

- 

- 

184° 

195° 

202° 

204° 

204° 

212° 

17 

- 

- 

186° 

193° 

200° 

203° 

197° 

209° 

19 

- 

- 

184° 

189° 

199° 

202° 

198° 

215° 

21 

** 

177° 

“ 

— 

*AZ  is  azimuth  index  relative  to  N. 
T is  wave  period  in  seconds. 
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FIGURE  C8. 
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FIGURE  Cl  2. 
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FIGURE  Cl 4. 
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C.13  Measured  wave  data  from  the  slope-array  gage  are  also 
plotted  for  September  and  October  1977  and  February,  March,  and 
April  1978.  The  maximum  dally  significant  height  is  presented 
for  a comparison  of  the  predicted  and  measured  climates.  The 
shapes  of  the  cumulative  distributions  of  the  predicted  and 
measured  data  are  in  general  agreement;  however,  the  wave  gage 
indicates  that  the  occurence  of  low  waves  is  under-predicted  in 
the  hindcast  wave  climate.  Several  factors  can  explain  the 
discrepancy.  Low-height  waves  from  several  sources  may  arrive 
simultaneously  at  the  gage,  all  of  which  may  not  have  been 
considered  in  the  hindoasts.  The  wave  gage  measures  water 
pressure  and  transforms  the  data  into  a surface  wave  spectrum. 
Several  theoretical  assumptions  must  be  made  to  convert  the 
pressure  distributions  into  a description  of  surface  waves. 

Some  of  these  assumptions  are  not  necessarily  valid  in  shallow 
water  near  the  breaker  line.  The  sampling  procedure  also  may 
bias  the  results  because  most  measurements  of  the  spectra  were 
taken  during  daylight  hours  when  the  daily  breeze  may  generate 
small  waves.  A rigorous  analysis  of  the  wave-gage  data  and  the 
predicted  data  is  beyond  the  scope  of  this  study,  but  such  an 
analysis  should  be  made  before  several  years  of  data  are  obtained. 
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C.14  Energy-Flux  Calculations.  The  potential  for  waves  to 
transport  littoral  dri't  along  a beach  can  be  estimated  by 
applying  an  empirical  factor  relating  littoral  transport  to  the 
longshore  component  of  wave-energy  flux.  The  longshore  component 
of  wave-energy  flux  is  primarily  a function  of  the  angle  of  wave 
approach  relative  to  the  depth  contours  and  of  the  square  of  the 
wave  height.  Appendix  2 describes  the  method  used  to  transform 
the  incident  deep-water  wave  climate  to  a breaking-wave  climate 
at  the  project  site.  Basically,  the  method  applies  refraction 
and  shoaling  coefficients  and  change  of  direction  of  propagation 
to  the  deep-water  wave  to  determine  the  wave  climate  in  18  feet 
of  water  offshore  from  the  harbor.  By  assuming  straight  and 
parallel  contours  seaward  and  shoreward  of  this  depth,  additional 
refraction  and  shoaling  are  calculated  until  the  wave  satisfies 
empirical  wave-breaking  criteria.  The  assumption  of  a constant 
shoreline  orientation,  which  in  reality  varies  spacially  and 
temporally,  renders  the  method  an  approximation. 

C.15  Wave-energy  flux  was  calculated  for  each  data  point  in 
the  sea  and  swell  components  of  the  wave  climate  for  each  month. 
Figures  C19,  C20,  and  C21  show  variation  of  longshore  energy 
flux  as  a function  of  shoreline  alignment  between  azimuths  of 
270°  and  300°.  A negative  sign  denotes  an  eastward  transport 
and  a positive  sign  denotes  a westward  transport.  The  calculations 
show  the  degree  of  sensitivity  of  the  littoral- transport  rate  as 
a function  of  swell  and  assumed  shoreline  azimuth  for  each 
month.  The  results  given  in  figures  C19,  20  and  21  show  that 
the  calculations  are  not  highly  sensitive  to  the  range  of  shore- 
line azimuths  characteristic  of  the  harbor  area.  The  longshore 
energy  flux  of  the  Northern  Hemisphere  swell  is  an  order  of 
magnitude  greater  than  that  of  the  Southern  Hemisphere  swell. 

The  plots  also  show  how  the  waves  are  attempting  to  realign  the 
beach  toward  zero  transport  each  season.  During  the  summer,  the 
Southern  Hemisphere  swell  is  attempting  to  align  the  beach  on  a 
283°  to  288°  azimuth,  whereas  during  the  winter  the  Northern 
Hemisphere  swell  is  attempting  to  align  the  beach  on  an  azimuth 
between  290°  and  296°. 
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C.16  The  shoreline  orientation  varies  at  the  project  site 
seasonally  and  spacially.  Table  C3  summarizes  the  energy-flux 
calculations  for  Northern  Hemisphere  swell.  Southern  Hemisphere 
swell  and  local  seas,  for  a shoreline  trending  toward  a 287° 
azimuth.  The  total  energy  flux,  longshore  and  onshore  components 
of  energy  flux,  and  resultant  vector  angle,  are  presented.  The 
units  of  energy  are  ft-lbs  per  second  per  foot  of  beach.  Whereas 
the  total  energy  flux  indicates  the  relative  amount  of  wave 
energy  arriving  at  the  breaker  zone  during  each  month,  the  long- 
shore component  represents  the  potential  for  longshore  littoral 
transport.  Monthly  variations  of  the  longshore  energy  flux  are  plotted 
in  figure  C22.  The  local  seas  and  the  Northern  Hemisphere  swell 
are  the  dominant  factors  during  the  winter  between  December  and 
May.  February  shows  the  most  active  wave-energy  flux  and  great- 
est longshore  component  of  energy  flux. 

C.17  Littoral-Transport  Rate.  The  littoral-transport  rate  may 
be  estimated  by  applying  an  empirical  factor  to  the  longshore 
component  of  energy  flux.  The  Shore  Protection  Manual  (1973) 
recommends  the  equation: 

0 = 7.5  x 103  P.  ; 

Is 

where  0 is  the  longshore  transport  rate 
in  cubic  yards  per  year;  and  P^g  is  the 
longshore  component  of  energy  flux  in 
f t-lbs/sec/ft  of  beach. 

3 

The  coefficient  7.5  x 10  is  an  empirical  factor.  The  data 
points  used  to  determine  the  factor  display  a large  scatter.  In 
a previous  publication,  Shore  Protection,  Planning,  and  Design 
TR-4  (1966),  the  factor  was  one-half  the  above  value.  The  in- 
crease in  the  empirical  factor  therefore  nearly  doubles  littoral- 
transport  rates  determined  by  previous  investigations.  Applica- 
tion of  the  above  equation  predicts  an  upper  bound  to  the  poten- 
tial longshore  littoral-transport  rate. 
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C.18  Results.  Potential  littoral-transport  rates  may  be  esti- 
mated by  applying  the  above  equation  to  plots  of  longshore 
energy  flux.  The  ordinates  of  figures  C19  through  C21  show  the 
potential  for  littoral  transport  as  well  as  longshore  wave- 
energy  flux.  Table  C4  summarizes  the  monthly  distribution  of 
total  energy  flux,  the  longshore  component  of  energy  flux,  and 
the  potential  longshore-transport  rate.  This  table  was  derived 
from  table  C3,  by  summarizing  the  Northern  and  Southern  Hemisphere 
swells  and  local  seas  to  derive  a composite  net  monthly  littoral- 
transport  rate.  The  potential  net  littoral-transport  rate  is 
488,000  cubic  yards  per  year  to  the  east.  Approximately  80 
percent  of  this  occurs  during  the  winter,  between  December  and 
April. 

C.19  Reversals  in  littoral  transport,  or  the  tendency  for  lit- 
toral drift  to  move  upcoast  contrary  to  the  net  direction  of 
movement,  are  summarized  in  table  C5.  This  table  presents  the 
net  westward  and  eastward  energy-flux  factors.  The  Northern 
Hemisphere  swell  results  primarily  in  uni-directional  eastward 
transport  because  the  primary  source  of  waves  is  from  the 
northwest.  The  eastward  transport  is  an  order  of  magnitude 
greater  than  the  westward  transport.  Seas  and  Southern  Hemisphere 
swell  are  more  balanced.  During  January,  February,  and  March 
the  seas  tend  to  cause  a reversal,  similar  to  that  found  for  the 
Northern  Hemisphere;  however,  this  reversal  is  of  weaker  magnitude 
than  that  for  the  predominant  Northern  Hemisphere  swell. 

C.20  Data  from  the  array  gage  system  have  been  used  to  calculate 
the  energy  flux  for  October  1977  and  February  1978.  The  results 
are  presented  in  figures  C23  and  C24.  The  net  littoral- 
transport  rate  for  October  1977  was  2600  cubic  yards  toward  the 
east;  however,  the  transport  was  toward  the  west  for  most  of  the 
month.  During  the  month  of  February,  the  wave-gage  analysis 
predicted  the  potential  littoral-transport  rate  to  be  35,000 
cubic  yards  toward  the  east  with  only  a small  reversal.  This  is 
considerably  lower  than  the  estimated  145,000  cubic  yards  for  a 
typical  February.  Differences  lie  in  the  short  period  of  wave 
measurements  and  in  orientation  of  shoreline  selected  for  analysis. 
In  the  wave  gage  analysis  a shoreline  oriented  due  west  was 
assumed,  whereas  in  the  calculation  a shoreline  oriented  287° 
true  north  azimuth  was  assumed.  Referring  to  figure  C19,  one 
would  expect  this  17°  difference  in  assumed  shoreline  orientation 
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to  yield  significantly  different  results.  If  the  results  of  the 
wave-gage  analysis  prove  more  representative,  the  littoral 
transport  rate  estimated  from  the  derived  wave  climate  should  be 
considerably  lower  than  that  estimated  in  this  study.  The 
derived  wave  climate  includes  a considerable  contribution  of 
energy  flux  by  waves  greater  than  seven  feet  in  height.  Further- 
more, the  littoral  transport  analysis  did  not  assume  Airy  theory 
for  wave  shoaling  to  the  breaker  point  as  does  the  wave-gage 
analysis.  A more  complex  set  of  wave  transformations  was  used 
in  the  analysis  of  the  derived  wave  climate  to  account  for  the 
effects  of  non-linear  shoaling  and  refraction.  Additional  years 
of  data  acquisition  are  required  for  a more  meaningful  comparison 
or  re-estimation  of  littoral  transport  rates. 


BATHYMETRIC  CHANCES 


C.21  The  seasonal  and  long-term  changes  in  bathymetry  are 
discussed  in  this  section  to  give  insight  into  the  shoaling  pro- 
cess. The  long-term  growth  of  the  fillet  formed  on  the  west 
side  of  the  west  jetty  and  the  seasonal  shoal  development  in  the 
harbor  entrance  channel  qre  discussed. 

C.22  Data.  The  analysis  of  beach  and  contour  changes  was 
based  primarily  on  hydrographic  surveys  which  were  taken  along 
various  range  lines  between  the  San  Lorenzo  River  and  Black 
Point.  Table  C6  summarizes  the  survey  data  that  were  available 
between  1953  and  1978.  The  shoaling  patterns  were  analyzed  by 
comparing  condition  surveys  and  hydrographic  surveys  in  the 
vicinity  of  the  jetties.  In  later  years  these  surveys  were 
taken  on  a monthly  basis,  permitting  an  investigation  of 
seasonal  changes  in  beach  alignment,  contours,  and  shoaling 
patterns.  Aerial  photographs  were  used  as  supplemental  tools  to 
interpolate  and  extrapolate  measured  shoreline  data. 

C.23  Shoreline  and  Bathymetry  Changes.  Plates  1 through  5 
show  the  evolution  of  the  mean  lower  low  water  shoreline  and  the 
6-,  12-  and  18-foot  depth  contours  as  determined  from  the  survey 
data.  Figure  C25  shows  the  shoreline  growth  that  occurred  at 
three  profiles  west  of  the  west  jetty.  By  1977,  the  shoreline 
200  feet  west  of  the  west  jetty  had  aggraded  nearly  500  feet 
seaward  of  the  pre-project  shoreline.  The  shoreline  growth  was 
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FIGURE  C25 . WEST  BEACH  SHORELINE  CHANGES 


rapid  in  the  first  three  years  after  construction  and  ceased 
along  the  west  jetty  when  the  shoreline  came  within  100  feet  of 
the  angle  point  of  the  jetty.  The  shoreline  east  of  the  east 
jetty  to  Black  Point  had  a more  complex  and  variable  evolution 
than  that  of  the  west  beach.  Figure  C26  shows  the  evolution  of 
three  shoreline  positions  east  of  the  east  jetty.  The  jetties 
apparently  shadow  the  predominantly  westerly  waves  in  the  winter 
and  form  a crescent-shaped  beach  near  the  east  jetty.  Disposal 
of  maintenance-dredging  material  and  the  Waterways  Experiment 
Station  (WES)  bypassing  system  have  also  influenced  the  shape  of 
the  shoreline  seasonally.  Because  of  these  complicating  factors, 
it  is  difficult  to  segregate  the  effects  of  the  jetties  from  the 
effects  of  the  bypassing  efforts  on  littoral  transport.  Comparison 
of  the  summer  and  winter  shoreline  configurations  in  plates  1 
and  5 and  photographs  Cl  and  C2  shows  that  the  summer  shoreline 
tends  to  rotate  about  6°  clockwise  relative  to  the  winter  shore- 
line. This  result  was  predicted  in  the  littoral-drift  calculation. 
The  6-,  12-  and  18-foot  depth  contours  show  similar  patterns  of 
change.  In  1963,  the  18-foot  depth  contour  near  the  San  Lorenzo 
River  was  farther  seaward  than  in  later  surveys,  reflecting 
results  of  recent  flooding.  The  increased  supply  and  trapping 
of  littoral  drift  from  this  1963  flooding  may  in  part  account 
for  the  rapid  initial  increase  in  beach  width  west  of  the  west 
jetty  after  construction.  The  severe  winter  of  1978  did  not 
have  as  dramatic  an  impact  on  shifting  the  contours  below  MLLW 
as  it  did  on  eroding  the  beach  above  MLLW.  The  most  dramatic 
change  is  advancement  of  the  18-foot  contour  in  1978  as  shown  in 
plate  4. 

C.24  Profile  Changes.  Comparative  profiles  presented  in  plate 
6 document  the  long-term  bathymetric  changes  on  the  updrift  and 
downdrift  beaches.  Comparison  of  these  profiles,  taken  in  the 
winter  or  at  the  end  of  summer,  indicates  that  depth  changes  are 
primarily  limited  to  depths  less  than  20  feet.  The  winter 
profiles  indicate  no  evidence  of  a longshore  bar,  but  show  a 
steadily  decreasing  slope  from  the  berm  to  depths  greater  than 
20  feet.  By  the  end  of  August  1977,  the  profile  had  moved 
seaward,  having  a slightly  steeper  slope  than  that  of  the  winter 
profiles.  The  February  1978  survey,  reflecting  the  effects  of 
the  wave  attack  during  high  tides  of  December  and  January,  shows 
that  the  updrift  beaches  eroded  above  the  five-foot  depth  contour 
and  material  accreted  offshore  from  -5  feet  MLLW  to  -20  feet 
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Photograph  C2:  Winter  Shoreline 


MLLW.  This  change  in  profile  normally  occurs  every  winter; 
however,  in  1978  it  was  more  severe  than  in  other  recent  winters 
of  record.  The  downdrift  profiles  eroded  five  feet  deeper,  but 
material  was  deposited  within  the  20-foot  depth  contour. 

C.25  The  profiles  show  that  the  nearshore  slope  averages  1 on 
30  at  the  west  jetty.  Range  2+00.  Bathymetric  profiles  off  the 
head  of  the  west  jetty  were  constructed  from  condition  surveys 
and  are  compared  in  figure  C27,  which  illustrates  the  long-term 
stability  of  the  salient  offshore  of  the  west  jetty.  The  winter 
profile  seaward  of  the  doglegged  west  jetty  is  steeper  than  1 on 
15.  This  slope  intersects  the  jetty  at  about  -2  feet  MLLW. 

Seasonal  profile  changes  are  more  dramatic,  as  shown  in  figure 
C28.  The  salient  intersects  the  jetty  at  about  -7  feet  by  the 
end  of  summer  (October),  but  shoals  during  the  winter.  The  two 
figures  indicate  a relative  long-term  stability  achieved  prior 
to  January  1969.  The  lack  of  data  prior  to  this  time  prevents  a 
more  detailed  determination  of  when  this  salient  became  saturated. 

C.26  Channel  Shoaling.  The  shoaling  patterns  of  the  entrance 
channel  have  been  documented  by  condition  surveys  taken  monthly 
over  the  past  five  years,  pre-  and  post-dredge  surveys,  and 
repetitive  hydrographic  surveys.  Plates  7 and  8 show  the  monthly 
progression  of  the  MLLW  and  the  10-foot  depth  contours  in  1975- 
1976  and  1976-1977  winter  seasons,  respectively.  The  patterns 
developed  in  similar  fashion  each  year,  with  a tip  shoal  developing 
and  then  extending  from  the  head  of  the  west  jetty  across  the 
channel  toward  the  head  of  the  east  jetty.  By  January,  the  10- 
foot  depth  contour  had  closed  across  the  channel  and  the  beach 
to  the  east  had  receded.  The  influx  of  material  into  the  channel 
during  the  winter  appears  to  result  primarily  from  sand  bypassing 
the  head  of  the  west  jetty.  Support  for  this  hypothesis  is 
evident  in  plate  8 from  the  advance  of  the  10-foot  depth  contour 
east  of  the  west  jetty  from  September  to  January  and  the  recession 
of  the  10-foot  depth  contour  off  the  east  Jetty  during  the  same 
period.  Recalling  the  clockwise  shift  in  beach  alignment  from 
summer  to  winter  and  the  recession  of  the  beach  at  the  east 
jetty  in  the  winter,  the  primary  source  of  shoaling  appears  to 
be  from  a net  eastward  littoral  transport.  Littoral  drift 
bypassing  the  west  jetty  forms  a tip  shoal,  allowing  part  of  the 
material  to  bypass  the  channel  to  the  downdrift  cell.  The 
growth  of  the  bar  across  the  channel  between  the  two  jetty  heads 
is  shown  in  figure  C29  by  cross-sections  taken  monthly  during 
1976-1977. 
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FIGURE  C29.  CROSS-SECTION  BETWEEN  HEADS  OF  JETTIES  SHOWING  SHOALING 


C.27  The  minimum  navigation  depth  between  the  jetties  is  an 
important  parameter  to  boaters.  The  monthly  change  in  center- 
line  controlling  depth  from  1972  to  1977  is  illustrated  in 
figure  C30.  The  depth  decreases  at  a linear  rate  from  the  20- 
foot  project  depth  after  dredging  each  April  to  above  MLLW  on 
occasion  by  February.  A slightly  greater  shoaling  rate  occurs 
between  October  and  February.  This  figure  indicates  that  the 
controlling  depth  does  not  suddenly  decrease  with  a single 
storm,  but  steadily  decreases  after  maintenance  dredging.  It 
also  shows  that  the  shoal  develops  relatively  consistently 
through  the  years. 


VOLUMETRIC  ANALYSIS 


C.28  The  objectives  of  the  volumetric  analysis  were  to  deter- 
mine the  quantities  and  rates  of  littoral  transport  and  to 
determine  the  shoaling  mechanisms.  The  history  of  the  fillet 
impounded  by  the  west  jetty  leads  to  a minimum  estimate  of  the 
net  eastward  drift.  Analysis  of  monthly  volume  changes  documented 
by  condition  surveys  in  the  navigation  channel  reveals  the  rate 
of  shoaling  as  a function  of  time.  The  WES  bypassing  experiment 
and  maintenance-dredging  records  are  also  presented  in  this 
section  to  develop  a better  understanding  of  how  much  material 
is  in  motion.  Detailed  description  of  the  1977-1978  winter  is 
deferred  to  Section  D where  the  results  of  the  first  year  of  the 
interim  dredging  contract  are  discussed. 

C.29  West  Jetty  Fillet.  A fillet  accreted  west  of  the  west 
jetty  after  the  jetty  was  constructed  in  1962.  Generally,  the 
measurement  of  a fillet  impounded  by  a long  groin  over  a long 
time  period  is  an  excellent  method  of  determining  the  net 
littoral-transport  rate.  This  method  was  employed  by  plani- 
metering  areas  of  accretion  on  beach  profiles  taken  between  the 
San  Lorenzo  River  and  the  west  jetty.  Volume  changes  were 
calculated  by  the  average-end-area  method.  An  October  1962  pre- 
project survey  was  compared  with  nine  surveys  listed  in  table 
C7.  Profile  area  changes  were  measured  between  the  berm  at 
about  +10  feet  MLLW  and  the  -20  foot  contour.  The  20-foot  depth 
contour  was  selected  based  on  review  of  profiles  that  indicated 
profile  closure  about  this  depth.  Between  the  +10-  and  20-foot 
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Table  C7 


WEST  JETTY  IMPOUNDMENT  VOLUMES 


Cumulative  Volume 

Differential  Volume 

Rate 

Date 

(cu.  yd.) 

(cu.  yd.) 

(cu.yd. /yr. ) 

26  Oct. 

1962 

0 

265,000 

466,000 

22  May 

1963 

265,000 

- 55,000 

-170,000 

17  Sep. 

1963 

210,000 

275,000 

608,000 

21  Feb. 

1964 

485,000 

36,000 

57,000 

17  Oct. 

1964 

521,000 

-129,000 

-129,000 

16  Oct. 

1965 

392,000 

9,000 

22,000 

12  Mar. 

1966 

401,000 

33,000 

73,000 

23  Aug. 

1966 

434,000 

227,000 

23,000 

6 Aug. 

1976 

661,000 

- 18,000 

- 17,000 

19  Aug. 

1977 

643,000 

1 Feb. 

1978 

652,000 

9,000 

2,000 
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depth  contours,  the  hot  tom  slopes  are  on  the  order  of  1 on  30. 

The  slope  changes  abruptly  between  the  18-  to  20-t'oot  depth 
contour  and  flattens  to  slopes  gentler  than  1 on  80.  Also,  In 
depths  greater  than  18  to  20  feet,  the  bottom  fluctuates  plus  or 
minus  two  feet  with  no  recognizable  trends.  These  fluctuations 
could  result  from  wave-induced  motions  of  the  survey  boat. 

Changes  In  depths  greater  than  20  feet  were  not  considered 
reliably  accurate  and  therefore  could  not  be  used  to  draw  signi- 
ficant conclusions. 

0.30  The  impoundment  volumes  measured  between  the  San  Lorenzo 
River  and  the  west  jetty  are  plotted  In  figure  C31  as  a function 
of  time.  Material  was  impounded  at  a rapid  rate  In  the  first 
two  years.  In  the  first  seven  months  during  the  winter  season  a 
total  of  265,000  cubic  yards  accreted.  Through  the  summer 

55.000  cubic  vards  eroded  from  the  fillet,  resulting  in  a net 
gain  for  the  first  year  of  210,000  cubic  yards.  Between  September 
1963  and  February  Hb4,  spanning  part  of  the  winter,  an  additional 

275.000  cubic  yards  accumulated.  By  October  of  1164,  521,000 
cubic  yards  had  accreted  over  the  two-year  period,  accounting 
for  an  average  annual  net  impoundment  of  260,000  cubic  yards. 

The  plot  of  impoundment  volume  versus  time  for  the  first  two 
years  during  the  winter  months  Indicate  short-term  filling  rates 
of  600,000  cubic  yards  per  year  followed  hv  moderate  losses  each 
summer.  The  time  plots  of  beach  build-out  in  figure  025  show 
that  the  west  fillet  was  nearly  saturated  by  October  1164  and 
thereafter  continued  to  accrete  at  a fraction  of  the  initial 
filling  rate.  Maintenance  dredging  was  performed  in  1165  for 
the  first  time,  indicating  that  sand  had  bypassed  the  west  jetty 
during  the  first  two  years  after  the  harbor  was  constructed. 
Despite  the  erosion  of  Its  entire  beach  face  above  MLLW  during 
the  H78  winter,  the  fillet  still  continued  to  increase  in  total 
volume. 

0.31  The  close  proximity  of  the  San  Lorenzo  River,  which  has  a 
highly  variable  flood  and  sediment  discharge,  complicates  the 
analysts  of  the  Impoundment  rate  of  the  west  Jetty.  The  volu- 
metric analysis  indicated  a rapid  impoundment  during  the  winters 
between  1163  and  1165  and  erosion  In  the  summers  of  1163  and 
1165.  Detailed  sedimentation  studies  of  the  San  Lorenzo  River 
for  the  period  of  record  are  not  available;  however,  an  estimate 
of  the  relative  sediment  discharge  can  be  made  by  examining  the 
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FICURt  C31.  IMPOUNDMENT  WEST  OF  WEST  JETTY  TO  SAN  LORENZO  RIVER 


stream-flow  records.  Two  parameters  that  may  be  Indicative  of 
the  River's  sediment  contribution  are  the  maximum  annual  discharge 
rate  and  the  total  annual  discharge.  However,  bed  load  movement 
Is  more  sensitive  to  a high  short-term  discharge  rate  than  it  Is 
to  a low,  but  continuous,  discharge.  Therefore,  the  maximum 
annual  discharge  rates  of  the  San  Lorenzo  River  since  1937  are 
plotted  In  figure  C32  to  give  an  Indication  of  the  relative 
annual  sediment  contribution  from  the  San  Lorenzo  River.  The 
Initial  high  rates  of  fillet  impoundment  may  partially  be 
attributed  to  a relatively  severe  flood  in  1963  which  had  a peak 
discharge  rate  of  13,400  cubic  feet  per  second  as  compared  to 
the  long-term  average  of  the  annual  maximum  discharge  rates  of 
7,9bl  cubic  feet  per  second.  A reasonable  hypothec. a is  that  a 
delta  was  formed  by  sediment  which  had  accumulated  in  the  riverbed 
since  flood  control  works  were  constructed  in  19S8.  The  fine 
material  was  rapidly  moved  offshore,  but  much  of  the  coarser 
material  drifted  to  the  east  by  winter-wave  action  and  became 
trapped  by  the  west  jetty.  The  river  delta  continued  to 
contribute  more  matei  al  to  the  littoral  stream  than  it  contributes 
in  an  average  year.  Therefore,  the  measured  impoundment  rates 
may  be  greater  than  the  average  net  littoral  transport  rate. 

Also,  the  jetties  are  too  short  to  impound  all  the  transported 
matei  ial  over  a time  period  long  enough  to  yield  a reliable 
estimate  of  that  rate. 

C.32  Losses  of  material  reported  in  table  C7  may  be  attributed 
to  loss  of  fines  offshore  and  seasonal  reversals  in  drift  rates. 
Because  of  the  close  proximity  of  the  river,  material  impounded 
by  the  jetty  may  not  have  been  exposed  to  wave  action  long 
enough  for  the  waves  to  sort  out  all  the  fines.  The  fines  were 
eventually  winnowed  out  and  carried  offshore,  resulting  in  a 
volume  loss  from  the  beach. 

0.33  Profiles  were  not  taken  west  of  the  San  Lorenzo  River. 

The  growth  of  the  westernmost  profile  indicates  a long-term 
accretion  of  300  feet  between  the  time  the  harbor  was  built  and 
the  winter  of  1977-1978.  The  quantity  of  sand  that  accreted 
west  of  the  San  Lorenzo  River,  along  Santa  Cruz  Beach,  cannot 
therefore  be  accurately  determined.  Plate  5 shows  the  growth  of 
the  shoreline  along  Santa  Cruz  Beach  as  determined  from  aerial 
photographs.  This  accretion  can  be  attributed  to  a number  of 
different  littoral  processes,  such  as  discharge  of  sediments 
from  the  San  Lorenzo  River,  the  groin  effect  of  the  natural  rock 
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prominence  Just  cast  of  the  River,  and  the  groin  effect  of  the 
Santa  Cruz  Harbor  west  jetty.  The  beach  between  Pt.  Santa  Cruz 
and  Black  Point  originally  had  a cresent-shaped  shoreline,  and 
Black  Point  was  the  end-point  that  controlled  its  shape.  Con- 
struction of  the  lettles  created  two  cells  of  cresent  beaches, 
interposing  a new  end-point  closer  to  the  San  Lorenzo  River. 

This  has  resulted  in  accretion  farther  west  of  the  River  than 
that  which  occurred  before  project  implementation. 

C.34  Channel  Shoaling.  The  quantity  of  littoral  drift  that 
has  shoaled  in  the  entrance  channel  was  determined  through  ana- 
lysis of  condition  surveys  and  maintenance-dredging  records. 
Detailed  and  comprehensive  condition  surveys  have  been  taken  on 
a monthly  basis  since  1972.  The  following  analysis  focuses  on 
the  five-year  period  between  1972  and  1977.  The  1978  records 
are  analyzed  in  Section  D. 

C.35  Shoaling  rates  were  calculated  from  cross-sections  con- 
structed from  the  condition  surveys  within  the  boundaries  shown 
in  plate  9.  The  boundaries  for  the  quantity  calculations  extend 
beyond  the  authorized  project  channel  boundaries  because  shoaling 
occurs  in  areas  outside  of  the  project  channel  boundaries. 

Volume  changes  were  calculated  by  planimetering  cross-sectional 
areas  relative  to  an  arbitrary  base  line  and  normalizing  the 
results  to  the  May  1973  survey,  the  first  year  condition  surveys 
were  taken  frequently  and  in  detail.  The  successive  profile 
lines  did  not  completely  close  in  all  cases  within  the  boundaries 
of  the  control  area. 

C.3b  The  shoaling  history  within  the  survey  area  from  June 
1972  to  April  1978  is  shown  in  figure  C33.  The  accumulation  of 
material  in  the  measurement  or  control  area  increased  during 
each  winter  and  was  dredged  in  late  winter  or  in  the  spring. 

The  dashed  line  represents  volume  changes  computed  between 
condition  surveys.  By  October  1977,  the  residual  volume  was 
50,000  cubic  yards  in  excess  of  the  1973  base.  This  indicates 
that  material  is  accumulating  in  areas  outside  the  project 
channel  boundaries,  but  within  the  harbor  entrance. 

C.37  The  shoaling  rates  are  plotted  as  a function  of  months 
for  each  year  in  figure  C34.  The  rates  show  a gradual  increase 
in  shoaling  from  April  to  December,  then  a rapid  increase  in 
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FIGURE  C - 3 3 SHOALING  HISTORY 


COMPARISON  OF  ACCRETION  AND  DREDGING  OL'ANTITI  ES  BY  MONTH 
(1972-1977) 


shoaling  from  December  until  the  maintenance  dredging  episode. 

The  1975  line  shown  is  a straight-line  interpolation  between 
July  and  February,  but  the  actual  shoaling  was  presumed  to 
follow  trends  similar  to  those  of  other  years.  The  plot  also 
shows  that  the  period  of  maintenance  dredging  has  varied. 

Dredging  was  initiated  in  February  1973  and  completed  before 
April  1973.  The  most  active  shoaling  occurs  during  these  months. 
When  dredging  was  performed  during  this  time  period,  considerable 
quantities  of  material  may  have  entered  the  area  during  the 
dredging  episode.  The  1977  dredging  episode  was  the  latest 
annual  dredging  episode  of  record,  and  it  may  reflect  the  sand- 
trapping potential  of  the  harbor  more  than  the  dredging  eipsodes 
of  other  years  because  the  harbor  was  allowed  to  shoal  for  a 
longer  period  before  dredging  was  initiated.  Figure  C35,  which 
plots  volume  shoaled  as  a function  of  the  number  of  davs  after 
dredging,  exhibits  a greater  scatter  of  plotting  points  than 
figure  C34.  During  the  1976-1977  winter  season,  the  WES  experi- 
mental bypass  plant  removed  an  estimated  45,000  cubic  yards  from 
within  the  control  areas. 

C.38  Shoaling  rates  shown  in  figure  C34  occurred  in  consistent 
seasonal  patterns  with  little  variation  from  year  to  year. 

Figure  C36  presents  a smoothed  shoaling-rate  curve  giving  the 
average  monthly  accretion  rates  and  the  upper  and  lower  bounds 
for  the  five-year  period  from  1972  to  1977.  Monthly  shoaling 
rates  derived  from  figure  C36  are  summarized  in  table  C8. 

C.39  Dredging  History.  Two  types  of  dredging  operations  have 
been  in  effect  at  Santa  Cruz:  channel  maintenance  and  experimen- 
tal bypassing.  Annual  maintenance  dredging  was  initiated  in 
1965  to  remove  sand  from  the  project  channel.  The  experimental 
bypassing  operation  was  a field  test  of  a fixed-plant  jet-pump 
(eductor)  system  conducted  by  Waterways  Experiment  Station 
(WES).  This  operation  was  initiated  in  the  winter  of  1975-1976 
to  remove  sand  from  areas  inside  the  entrance  but  outside  the 
Federal-project  channel  limits,  and  from  the  updrift  beach.  The 
experiment  was  completed  in  March  1978. 

C.40  The  maintenance  dredging  program  comprised  mobilizing  a 
hydraulic  dredge  in  the  late  winter  to  clear  the  channel  by  the 
end  of  spring.  Typically,  a 12-inch  hydraulic  pipeline  dredge 
was  used  to  discharge  material  1000  feet  east  of  the  east 
jetty.  After  each  demobilization,  the  channel  slowly  shoaled 
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Note:  Zero  quantity  and  day  is  from 
completion  of  previous  dredg- 
ing episode  for  each  year. 


Figure  C36.  AVERAGE,  MAXIMUM,  AND  MINIMUM  MONTHLY 
CUMULATIVE  RATES  OF  ACCRETION  BETWEEN 
DREDGING  EIPSODES  1972  to  1977. 


Table  C8 


Oat  e 
April  1 

Mnv  1 

June  I 

July  1 
August  1 
Sopt.  1 

Oct . 1 

Nov . 1 

Doc.  1 

Jan.  1 

Fob.  1 

March  1 

April  1 


MAXIMUM 

Cum  0 Monthly  0 

AVERAGE 

Cum  0 Monthly  ,0 

MINIMUM 

Cum  Q Monthly  0 

0 

0 

0 

9 

5 

9 

5 

2 

9 

5 

l 

18 

10 

3 

7 

3 

2 

25 

13 

5 

3 

3 

2 

28 

16 

7 

4 

3 

3 

32 

19 

10 

4 

6 

5 

36 

25 

15 

9 

10 

8 

45 

35 

23 

15 

13 

12 

60 

48 

35 

29 

25 

33 

89 

73 

68 

29 

27 

17 

118 

100 

85 

27 

29 

25 

145 

129 

110 

25 

28 

24 

170 

157 

134 

C60 


Muring  the  summer,  building  a bar  across  llu*  entrance  channel. 

The  rate  of  shoaling  Increased  rapidly  In  November,  and  only  a 
small  tidal  channel  remained  open  from  January  until  the  main- 
tenance dredging  was  resumed.  This  dredging  program  was  modified 
In  1177  when  a series  of  multi-year,  phased  dredging  programs 
were  Implemented.  Under  the  first  two-year  contract,  material 
was  dredged  In  phases  during  the  1177-1178  winter  to  maintain 
the  channel  open  to  navigation  throughout  the  year.  This  will 
be  repeated  In  the  1178-1171  winter. 

C.41  Maintenance-dredging  records  are  summarized  In  table  Cl 
and  plotted  in  figure  ('17.  I’av  vardage  represents  the  quantity 
of  material  that  the  Government  agreed  to  pay  the  contractor, 
which  was  not  necessarily  equal  to  the  quantity  of  material 
removed.  The  dredgerman  estimated  that  they  dredged  as  much  as 
twice  the  pay  vardage  prior  to  1171  when  pay  quantities  were 
determined  bv  comparing  pre-dredging  and  post-dredging  surveys. 

This  gave  erroneous  results  when  the  dredging  lasted  several 
months  In  late  winter  and  spring  when  shoaling  occurred  during 
the  dredging  operation.  Past  practice  required  the  contractor 
to  bid  on  shoal  quantities  determined  from  a November  survey. 
Pte-dredglng  surveys  taken  In  January  or  February  were  then  used 
as  a basis  for  determining  quantities  of  pay  yards.  Considerable 
shoaling  occurred  prior  to  and  during  the  actual  dredging  operation 
and  In  some  cases  after  dredging,  prior  to  the  post-dredging 
survey.  The  longer  the  dredging  operation  and  the  smaller  the 
pumping  capacity  of  the  dredge,  the  greater  was  the  potential 
for  dredging  more  vardage  than  the  Government  allowed  for  payment. 
In  the  spring  of  1177,  the  dredging  logs  Indicated  that  a 12- 
inch  dredge  removed  100,000  cubic  yards,  but  the  contractor  was 
paid  for  removing  only  148,000  cubic  vards.  The  bid  was  based 
on  02,000  cubic  yards. 

0.42  Review  of  figure  037  shows  that  the  tnlttal  quantity  of 
dredged  material  In  lib1)  was  large.  The  quantity  decreased  In 
110b  and  increased  thereafter  until  1170  after  which  the  pay 
vardage  averaged  about  100,000  cubic  yards,  with  little 
fluctuation.  The  relatively  large  amount  dredged  In  116S  Includes 
shoaling  that  occurred  during  two  post-construction  years.  The 
increase  In  pay  yardage  with  time  up  to  1970  reflects  the 
decreasing  capacity  of  the  west  fillet  to  store  material. 
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Table  C9.  MAINTENANCE-DREDGING  "PAY  YARDAGE" 


Date 

Cubic  Yards 
Dredged 

May-August,  1965 

70,000 

June-July,  1966 

34 , 000 

May-June,  1967 

57,000 

April -May , 1968 

60,500 

March-April,  1969 

79,000 

Apr il -May , 1970 

94 , 700 

May-June,  1970  (Clamshell  dredging  to  remove 
kelp  mat) 

11,500 

May-June,  1971 

108,300 

May-June,  1972 

90,000 

Fob-March,  1973 

109,000 

March-April,  1974 

60,000 

Apr i 1-May , 1975 

91,000 

March-April,  1976 

98,000 

April-June,  1977 

147,000 

Doc. -June,  1978 

162,000 
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FIGURE  C37.  ANNUAL  MAINTENANCE  DREDGING  HISTORY 


C . 4 3 WKS  Sand-Bypassing  Plant  . The  Waterways  Experiment 
Station  (WKS)  experimental  let-pump  sand-bypassing  plant  started 
operating  on  June  26,  1976.  The  bypassing  plant  was  equipped 
with  three  movable  jet  pumps  operating  in  the  channel  off  the 
west  jetty,  a movable  jet  pump  at  the  head  of  the  west  jetty, 
and  a stationary  Jet  pump  on  the  west  side  of  the  west  jetty. 
Locations  of  the  pump  house  and  eductors  are  shown  in  figure 
038.  The  pumphouse  contained  two  hydraulic  pumps  which  had  a 
total  capacity  of  2000  gallons  per  minute.  The  system  was 
capable  of  bypassing  about  100  cubic  yards  per  hour.  Vertical 
nuclear  density  meters  measured  sediment  concentration  between 
12  and  IS  percent  during  peak  production  periods.  The  discharge 
area  was  1000  feet  downdrift  of  the  entrance  on  the  east  beach. 

(-.44  The  WKS  plant  bypassed  approximately  37,000  cubic  yards 
of  sand  from  June  26,  1976,  to  December  20,  1976.  From  January 
to  July  1977,  the  plant  bypassed  an  additional  12,000  cubic 
yards  of  sand,  for  a total  of  52,000  cubic  yards  for  the  13 
months.  The  low  production  rate  for  the  first  half  of  1977  was 
caused  by  sand  shoaling  over  the  water-intake  pipe  from  mid- 
January  to  the  end  of  April.  To  prevent  further  shutdowns,  the 
intake  pipe  was  relocated  farther  inside  the  harbor.  In  the 
next  year  from  October  through  April  10,  1978,  the  number  five 
jet  pump  bypassed  12,500  cubic  yards  and  the  jet  pumps  within 
the  harbor  bypassed  an  additional  42,500  cubic  yards  for  a total 
of  55,000  cubic  yards.  The  primary  difference  in  the  first  and 
second  years  was  bypassing  of  the  material  from  the  west  beach. 

0.45  The  plant  was  designed  and  operated  to  test  and  develop 
techniques  utilizing  the  jet-pump  system  under  field  conditions. 
Review  of  dally  logs  indicates  that  several  problems  curtailed 
output.  Bedrock  encountered  about  20  feet  below  M1J.W  limited 
the  depth  to  which  the  jet  pump  could  sink  and,  therefore, 
reduced  the  amount  of  sand  that  could  get  to  the  stationary 
pumps.  In  addition,  violent  wave  action  prevented  easy  reposi- 
tioning of  the  movable,  buoyed  jet  pumps,  especially  during 
storms  when  the  system  was  needed  the  most.  Also,  the  drylocking 
of  the  water  intake  caused  a shutdown  of  the  plant  operation 
until  the  intake  was  moved  to  another  position.  The  density 
meters  had  to  be  recalibrated  several  times,  but  the  daily  logs 
were  apparently  left  uncorrected.  The  quantities  of  sand 
pumped  during  given  times  by  each  pump  were  not  completely  docu- 
mented. Material  pumped  from  the  number  one  unit  during  the 
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first  year  at  the  head  of  the  west  jetty  created  a crater  where 
the  tip  shoal  usually  forms.  The  pumping  operation  could  have 
either  bypassed  sand  that  would  have  entered  the  channel  or 
could  have  pumped  some  sand  which  normally  would  have  bypassed 
the  channel  naturally.  By  creating  a crater  at  the  head  of  the 

Jetty,  sand  could  have  been  Induced  to  enter  the  channel  to  fill 

the  crater.  Comparing  shoaling  histories  with  and  without  the 
bypass  plant  does  not  reveal  significant  differences  in  shoaling 
patterns  or  rates  with  and  without  the  plant.  This  supports  the 

hypothesis  that  either  the  operation  did  not  pumped  as  much  sand 

as  rhe  daily  logs  indicated  or  that  much  of  the  material  that 
was  pumped  would  have  naturally  bypassed  the  entrance  had  the 
pumping  system  not  been  operated.  In  the  second  year,  material 
removed  by  the  west  beach  eductor  also  could  have  naturally 
bypassed  the  entrance.  Operation  of  the  WKS  plant  during  the 
1077-1478  season  cannot  be  evaluated  to  accurately  quantify 
either  the  experimental  results  or  the  littoral  processes  involved 
because  of  the  complexities  introduced  by  the  phased  dredging 
program  and  the  unusually  severe  winter. 


SHOAL l NO  PROCESSES 


C.46  Shoaling  of  the  Santa  Cruz  Harbor  navigation  channel  can 
be  attributed  to  a number  of  disparate  littoral  processes, 
including:  bypassing  a satu~ated  groin,  leakage  through  voids 

in  the  jetties,  updrlft  movement,  wind  transport,  tidal-current 
transport,  and  onshore  transport.  This  section  describes  each 
process  and  analyzes  the  history  of  shoaling  to  estimate  their 
relative  importance.  The  nature  of  the  available  data  and  the 
state-of-the-art  of  defining  littoral  processes  render  it  difficult 
to  assign  a definitive  percentage  or  quantity  of  littoral  transport 
to  each  process.  However,  for  design  purposes,  it  is  often 
necessary  to  make  certain  assumptions  in  areas  where  precise 
quantification  is  not  possible  in  order  to  prepare  a plan  to 
mitigate  shoaling.  Therefore,  estimates  of  the  quantity  of 
littoral  transport  attributable  to  each  of  the  processes  are 
made  for  design  purposes.  Further  evaluation  of  the  shoaling 
process  must  take  into  consideration  modification  of  the  maintenance 


or  bypassing  procedures. 
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C.47  Bypassing  a Saturated  Groin.  Sand  bypassing  the  head  of 
the  west  jetty  Is  analogous  to  the  classical  case  of  sand  bypas- 
sing a saturated  groin.  This  process  is  believed  to  be  the  pri- 
mary source  of  channel  shoaling.  Immediately  after  construction 
of  the  west  Jetty,  a fillet  formed  on  its  west  side  at  the  rate 
of  250,000  cubic  yards  per  year  for  two  years,  and  beaches  east 
of  the  harbor  entrance  experienced  severe  erosion.  The  shoaling 
occurred  at  a rate  of  about  600,000  cubic  yards  per  year  during 
the  winter.  Channel  maintenance  dredging  was  at  a low  rate 
during  the  first  two  years,  averaging  35,000  cubic  yards  per 
year. 

C.48  The  minimum  net  littoral-transport  rate  at  the  harbor 
site  is  estimated  at  285,000  cubic  yards  per  year,  based  on  the 
early  growth  rate  of  the  fillet  and  assuming  all  maintenance 
dredging  was  from  bypassing  the  west  Jetty  or  transmission 
through  and  over  it.  Within  three  years  after  construction  of 
the  Jetties,  the  west  fillet  had  grown  to  the  angle  point  of  the 
doglegged  west  Jetty.  As  the  west  beach  continued  to  move 
seaward  during  this  period,  maintenance  dredging  pay  yardage 
increased  to  quantities  more  than  100,000  cubic  yards  per  year, 
fillet  formation  decreased  to  less  than  25,000  cubic  yards  per 
year,  and  erosion  of  the  downdrift  beaches  decelerated  when  they 
were  nourished  with  the  larger  amounts  of  dredge  spoil  that 
became  available  in  later  years.  The  water  depth  at  the  head  of 
the  west  Jetty  decreased  rapidly,  and  within  a few  years  sand 
bypassed  the  head  at  a greater  rate  than  it  was  being  trapped  in 
the  fillet.  The  method  by  which  sand  entered  the  channel  can  be 
gleaned  from  a review  of  the  monthly  condition  surveys  taken 
since  1972.  Plates  7 and  8 summarize  two  years  of  this  analysis. 

A tip  shoal  extended  progressively  from  the  head  of  the  west 
Jetty  across  the  channel  to  the  head  of  the  east  jetty.  A small 
tidal  channel  remained  open  along  the  east  jetty.  The  cross- 
sectional  area  of  this  channel  compared  with  the  area  predicted 
by  the  O'Brien  formula  (1968).  Evidence  of  littoral  drift 
entering  the  channel  from  the  east  or  from  tidal- induced  currents 
cannot;  be  found  by  observing  the  growth  of  a shoal  in  the  channel 
or  of  sand  build-up  along  the  east  jetty.  The  formation  of  the 
shoal  across  the  navigation  channel  permitted  littoral  drift  to 
naturally  bypass  the  channel.  The  shoal  had  been  present  for 
most  of  the  winter  months  when  storms  actually  had  the  greatest 
potential  for  littoral  transport.  This  suggests  that  considerable 
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bypassing  must  have  occurred  and  that  the  dredging  quantities 
represent  low  estimates  of  the  gross  littoral  transport. 

C.49  The  theoretical  net  longshore  transport  rate  determined  by 
energy-flux  calculations  is  488,000  cubic  yards  per  year  toward 
the  east.  The  gross  transport  rate  is  estimated  to  be  1,168,000 
cubic  yards  per  year.  The  total  longshore-transport  rate  is 
related  to  energy  flux  by  an  empirical  factor;  however,  the 
distribution  of  littoral  transport  through  the  surf  zone  is  not 
well  known.  Longuet-Higgins  (1970)  formulated  the  longshore 
current-velocity  distribution  through  the  surf  zone.  Komar  and 
Inman  (1970)  related  sediment  transport  to  the  longshore  current- 
velocity  distribution,  and  Komar  (1971)  summarizes  the  state-of- 
the-art  for  estimating  the  longshore  sediment- transport  distri- 
bution. The  total  load  comprises  suspended  and  bedload.  The 
suspended  load  is  about  20  percent  of  the  total  and  has  been 
found  to  occur  primarily  within  the  surf  zone. 

C.50  Approximately  80  percent  of  the  sediment  transport  occurs 
within  the  surf  zone,  and  95  percent  occurs  within  one  and  one- 
half  surf-zone  widths.  At  Santa  Cruz,  waves  break  with  heights 
of  less  than  20  feet  98.9  percent  of  the  time,  and  80  percent  of 
the  sediment  transport  occurs  on  the  steep  nearshore  slope  at 
depths  of  less  than  20  feet.  The  predominant  littoral  forces, 
however,  are  not  produced  by  the  exceptionally  high  waves  of 
short  duration,  but  by  smaller  waves  of  greater  duration.  Wave 
heights  of  8 feet  are  exceeded  17  percent  of  the  year.  Under 
these  conditions,  less  than  1 percent  of  the  littoral  drift  is 
transported  in  depths  greater  than  20  feet.  Wave  gage  data 
indicate  that  these  statistics  may  greatly  over-estimate  the 
occurrence  of  high-wave  activity. 

C.51  The  preceding  theoretical  considerations  indicate  that  the 
primary  zone  of  littoral  transport  is  on  the  steep  1 on  30 
nearshore  slope  between  the  berm  and  the  20-foot  depth  contour. 
When  constructed,  the  head  of  the  west  jetty  was  in  20  feet  of 
water,  and  initially  the  jetty  intercepted  littoral  drift  quite 
efficiently.  However,  figure  C27  indicates  that  by  1969,  the 
shoal  off  the  outer  leg  of  the  jetty  extended  from  the  -2-foot 
elevation  at  the  top  of  the  core  of  the  jetty  to  the  20-foot 
depth  contour.  Waves  breaking  on  this  slope  could  readily 
transport  large  volumes  of  sand  both  through  voids  in  the  outer 
leg  of  the  jetty  and  around  its  head.  Sand  bypassing  the 
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head  of  the  Jetty  can  both  enter  the  channel  and  bypass  the 
entrance  and  deposit  on  the  dovndrift  beach.  The  tendency  to 
bypass  the  entrance  Increases  as  the  shoal  In  the  channel  builds. 

C.52  Leakage  through  Voids  In  Jetties.  Aerial  photographs 
taken  from  1963  to  1967  after  construction  of  the  harbor  show 
that  waves  and  wind  transported  littoral  drift  over  and  perhaps 
through  the  jetties.  Leakage  through  the  jetties  had  apparently 
diminished  by  1970  after  sand  shoulders  had  formed  inside  the 
entrance,  lining  the  perimeter  of  the  channel.  Profiles  taken 
through  the  centerlines  of  the  west  and  east  jetties  are  shown 
in  figures  C39  and  C40,  respectively.  The  "A"  armor  stone  and 
"B”  underlayer  stone  have  porosity  ratios  of  approximately  35  to 
40  percent.  These  high-void  areas  are  shaded  in  the  figures  to 
highlight  the  penetrable  regions  of  the  structures.  Sand  can  be 
washed  through  the  voids  directly  by  flow-through  of  sand-laden 
water  and  by  the  pumping  action  of  alternating  pressure  differ- 
entials induced  by  successive  wave  arrivals  on  the  fluidized 
sand  at  lower  levels.  Waves  diffracting  in  the  entrance  channel 
can  distribute  the  sand  along  the  channel  farther  inland.  In  a 
similar  manner,  sand  entering  the  channel  from  around  the  head 
of  the  jetty  can  be  transported  along  the  shoulders.  Existing 
data  are  insufficient  to  determine  the  rates  of  shoaling  along 
the  shoulder  attributed  to  each  mechanism. 

C.53  Transport  of  material  through  groins  and  jetties  can  be 
reduced  or  prevented  by  constructing  an  impermeable  core  to  an 
elevation  above  the  swash  zone  or  by  sealing  existing  porous 
jetties  with  a concrete  grout.  The  need  to  seal  an  existing 
jetty  often  becomes  obvious  after  shoaling  occurs  in  a channel 
opposite  the  flanking  beaches.  Review  of  photographs  taken  in 
the  first  few  years  after  construction  offer  evidence  that  this 
occurred  at  Santa  Cruz;  however,  as  the  beach  moved  rapidly 
seaward,  the  rate  of  leakage  appeared  to  decrease.  Review  of 
the  shoaling  patterns  in  plates  7 and  8 provides  the  most  reliable 
insight  into  the  rates  of  material  leakage  through  the  voids 
relative  to  other  transport  mechanisms.  If  substantial  quanti- 
ties, say  on  the  order  of  25  to  50  percent,  of  the  material 
shoaling  the  channel  were  passing  through  the  voids  in  the  west 
jetty,  the  shoal  would  have  built  progressively  toward  the 
channel  from  stations  seaward  of  about  station  16+.  Examination 
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of  the  shoaling  contours  in  plates  7 and  8 and  review  of  the 
shoaling  patterns  in  other  years  indicate  that  instead,  the 
shoaling  occurred  primarily  by  formation  of  the  tip  shoal  which 
migrates  into  the  channel.  The  shoulders  did  not  grow  signifi- 
cantly until  the  tip  shoal  formed.  Based  on  this  observation, 
and  lack  of  any  supporting  evidence  to  the  contrary,  either 
theoretical  or  documentary,  the  leakage  through  the  jetties  is 
considered  to  be  a small  fraction  of  the  shoaling  mechanism. 
Approximately  10  to  20  percent  of  the  shoaling  in  the  channel  is 
assumed  to  be  from  leakage  through  the  voids.  Most  of  the 
leakage  is  probably  through  the  breakwater  seaward  of  the 
angle  point  where  waves  impinge  nearly  normal  to  the  breakwater. 

The  offshore  profiles  show  that  the  sand  line  has  not  built 
above  the  core  elevation  in  this  reach,  supporting  the  concept 
that  the  core  may  function  as  a weir.  The  east  jetty  profile 
indicates  that  that  structure  is  a more  efficient  barrier  than 
the  west  jetty  because  of  its  higher  core  and  the  milder  wave 
climate  to  which  it  is  exposed. 

C.54  Additional  observations  indicating  leakage  through  the 
jetties  have  been  made.  These  are  briefly  discussed,  but  they 
provide  no  information  on  the  rates  of  transport.  Undocumented 
dye  studies  were  conducted,  where  dye  placed  in  the  water  was 
observed  to  pass  readily  through  the  west  jetty.  Sand  in  suspen- 
sion observed  in  the  entrance  near  the  voids  in  the  jetties 
seaward  of  Station  16  has  been  interpreted  as  evidence  of  trans- 
port through  the  jetty.  However,  this  may  also  be  temporary 
suspension  of  sand  from  the  shoulder  by  interior  waves.  Small 
sink  holes  have  been  observed  in  the  beach  along  the  west  side 
of  the  west  jetty,  indicating  the  pumping  of  sand  through  the 
voids  by  waves  in  the  entrance.  The  operation  of  the  WES  eductor 
system  indicates  that  sand  from  unidentified  sources  has  refilled 
the  crater  near  Station  16  at  pump  number  3.  A comprehensive 
field  study  would  be  necessary  to  estimate  shoaling  rates  through 
the  voids.  The  evidence  indicates  that  leakage  through  the 
voids  is  a secondary  shoaling  mechanism,  but  this  should  be  checked 
in  more  detail  prior  to  any  sealing  attempt. 

C.55  Updrlft  Movement.  Although  the  direction  of  net  littoral 
transport  is  from  west  to  east,  temporary  reversals  are  caused 
by  seas  from  the  southeast  and  by  Southern  Hemisphere  swell. 

The  wave  energy-flux  calculations  indicate  that  the  ratio  of 
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one-half  of  the  westward  energy  flux  occurs  during  January  and 
February  as  a result  of  locally  generated  southeasterly  seas. 
This  Indicates  that  there  is  a large  possibility  for  sand  to 


enter  the  channel  during  reversals.  However,  the  quantity  of 
material  entering  the  channel  by  this  process  is  estimated  to  be 
considerably  less  than  40  percent  of  the  total.  During  the 
winter  when  the  shoaling  occurs,  the  beach  normally  recedes 
along  the  east  jetty.  This  recession  is  a realignment  of  the 
littoral  cell  in  response  to  the  northern  Pacific  swell.  Any 
sand  that  is  moved  in  the  updrift  direction  is  usually  trapped 
by  the  jetty  during  short  periods  of  storm  activity.  Movement 
of  suspended  sand  seaward  of  the  east  jetty  head,  by  rip  currents 
and  by  saltation-transport  across  offshore  bar  or  shoal  formations, 
may  account  for  the  passing  of  some  material  into  the  harbor. 

The  depths  off  the  head  of  the  east  jetty  normally  increase  in 
the  winter,  as  shown  in  plates  7 and  8.  This  indicates  predomi- 
nance of  eastward  transport  in  the  winter  and  therefore  less 
potential  for  updrift  transport  to  shoal  the  entrance  than  the 
energy-flux  analysis  indicates. 

C.56  During  February  1978  high  seas  from  the  southeast  made  it 
necessary  to  close  the  harbor  to  navigation.  A large  eddy  of 
discolored  water  was  observed  on  the  east  beach,  and  it  was 
feared  that  the  channel  would  shoal  in  direct  response  to  this. 
However,  informal  sounding  by  the  harbor  master  detected  no  bar 
off  the  east  beach  nor  significant  shoaling  in  the  harbor  channel. 
This  supports  the  theory  that  updrift  movement  is  not  a major 
direct  cause  of  shoaling.  A few  days  after  the  southeasterly 
storm,  a northern  hemisphere  swell  did  shoal  the  channel  but 
this  was  due  to  downdrift,  not  updrift  movement.  Nonetheless, 
when  dredged  material  is  deposited  on  the  east  shore  during  the 
winter,  the  east  beach  builds  seaward,  and  this  does  increase 
the  potential  for  sand  to  be  carried  westward  back  into  the 
harbor.  Therefore,  the  phase  relationship  between  dredging  and 
storm  activity  will  influence  the  rate  that  material  returns  to 
the  harbor. 

C.57  During  the  summer,  the  east  beach  near  the  east  jetty 
builds  seaward  in  its  normal  realignment  due  to  the  change  in 
wave  climate.  The  water  depth  at  the  head  of  the  jetty  shoals 
to  5 feet  or  less.  This  gives  the  appearance  that  reverse 
bypassing  is  greatest  during  a southeasterly  sea  or  a southern 
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hemisphere  swell  in  the  summer.  Shoaling  records,  however, 
indicate  that  only  minor  rates  of  shoaling  from  the  east  occur 
during  the  summer.  The  tip  shoal  formation  off  the  west  jetty 
and  its  growth  during  the  winter  support  the  contention  that 
most  of  the  shoaling  occurs  as  a result  of  material  bypassing 
the  head  of  the  west  jetty.  Based  on  the  above  discussions,  the 
amount  of  littoral  drift  bypassing  the  head  of  the  east  jetty  in 
reverse  longshore  transport  is  estimated  to  be  on  the  order  of 
magnitude  of  10  to  15  percent  of  the  total  drift  entering  the 
harbor.  This  rate  is  variable  and  is  probably  greater  when  a 
late  spring  dredging  episode  discharges  material  close  to  the 
east  jetty. 

C.58  Mind  Transport.  Aerial  photographs  taken  in  1963  show 
evidence  of  wind  transport  over  the  west  jetty.  A parapet 
constructed  on  the  west  jetty  has  trapped  wind-driven  sand.  The 
wind-driven  sand  has  also  built  low-lying  dunes  on  the  upcoast 
beach.  The  slow  formation  of  shoals  in  the  channel  where  the 
sand  is  being  transported  by  the  wind  indicates  that  the  rate  of 
wind  transport  over  both  the  east  and  west  jetties  is  minor. 

The  potential  for  wind-blown  transport  was  calculated  by  using 
the  method  proposed  by  Johnson  and  Kadib  (1965) . A wind  rose 
obtained  from  the  Natural  Bridges  Park  LEO  station  from  April  3, 
1968,  to  November  24,  1970,  was  used  to  calculate  the  transport 
over  the  west  jetty  and  east  jetty.  The  calculations  indicate  a 
potential  for  6600. cubic  yards  per  year  to  be  transported  eastward 
over  the  west  jetty  and  2200  cubic  yards  per  year  to  be  trans- 
ported westward  over  the  east  jetty.  The  formation  of  the  small 
dunes  on  the  west  side,  the  presence  of  considerable  debris  on 
the  beach  occasionally,  the  trapping  effect  of  the  small  parapet 
on  the  west  jetty,  and  the  lesser  degree  of  wind  exposure  of  the 
harbor  relative  to  that  of  Natural  Bridges  Park,  supports  lowering 
the  calculated  estimates  to  5000  and  2000  cubic  yards  per  year, 
respectively. 

C.59  Onshore-Offshore  Transport.  Beach  and  offshore-bottom 
profiles  are  dynamic  and  seldom  reach  a true  state  of  equi- 
librium. Changes  in  wave  climate  induce  changes  in  the  alignment 
of  the  beach  as  well  as  its  profile.  High,  steep  wavps  generally 
strip  material  from  the  beach  face  and  transport  it  offshore, 
often  forming  bars  and  shallow  troughs.  The  bars  inJuce  waves 
to  break  offshore  and  reduce  the  amount  of  wave  energy  transmitted 
to  the  beach.  This  process  continues  until  the  beach  reaches  a 
new  quasi-equilibrium.  During  episodes  of  low-steepness  waves, 
the  bar  and  offshore  materials  are  transported  back  onshore. 
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This  mechanism  probably  occurs  at  the  project  sit*'.  Kevl*'w  ot 
profiles  taken  to  depths  of  40  feet  has  not  revealed  the  presence 
of  a har.  The  nearshore  bottom  slope  to  the  20-foot  depth 
appears  to  be  too  steep  for  a bar  to  form.  The  slope  Is  very 
flat  In  depths  greater  than  20  feet,  and  the  waves  are  too  small 
to  form  a bar  at  these  depths.  Some  material  mav  he  distributed 
In  a thin  layer  over  the  offshore  area,  hut  no  evidence  exists 

Ito  support  this  theory.  Offshore  profiles  are  not  accurate 

enough  to  detect  minor  changes  reliably. 

C.60  Oean  (1*173)  developed  a model  to  calculate  the  response 
of  normal  and  storm  profiles  to  a given  wave  steepness,  11  /l.  . 
Assuming  sand  with  a median  diameter  of  0.3  nun.  and  applying' 
figure  4-31  of  the  Shore  Protection  Manual  (1*173),  a winter 
profile  should  occur  for  local  seas  of  height  greater  than  about 
2 feet,  for  northern  swell  of  height  greater  than  4 feet,  and 
for  southern  swell  of  height  greater  than  b feet.  Assuming  this 
to  ho  correct,  the  summer  southern  swell  is  generally  the 
primary  source  of  onshore  movement . Most  northern  swell  Is  3 
feet  or  greater  when  channel  shoaling  Is  most  rapid.  No  evidence 
is  available  that  documents  bar-formation  at  the  Harbor  entrance 
with  subsequent  transport  of  the  material  hack  Into  the  channel. 

C.61  The  1*177-1*178  winter  had  a severe  impact  on  the  Cali- 
fornia coastline.  At  Santa  Cruz,  the  east  beaches  eroded  to  the 
base  of  the  cliffs.  Much  of  this  erosion  occurred  during  periods 
of  high  astronomical  tidos  coincident  with  the  arrival  ol  swell 
well  in  excess  of  3 feet.  Many  other  beaches  along  the  California 
coastline  suffered  similarly.  During  the  high  tides,  large 
breakers  eroded  material  from  above  the  -5-foot  Ml.l.W  elevation 
and  deposited  it  offshore.  Plate  h documents  this  protile 
modification  at  Santa  Cruz.  Volumetric  calculations  Indicate 
that  between  black  Point  and  the  San  l.orenro  Klver  180,1X10  cubic 
yards  were  eroded  from  the  beach  face  and  270,000  cubic  yards 
were  deposited  between  Ml.l.W  and  -20  feet  Ml.l.W.  The  deposited 
material  did  not  form  a bar  within  the  surveyed  area,  hut  merely 
flattened  the  slope.  A net  accretion  ot  *1000  cubic  yards  occurred 
in  the  updrtft  shore  segment  and  a loss  of  H.000  cubic  yards 
occurred  in  the  downdrlft  shore  segment.  Most  ot  tin*  downdrlft 
loss  Is  postulated  to  have  been  transported  around  Black  Point 
or  offshore  beyond  the  -20-foot  contour.  The  record-high  precipi- 
tation rates  for  the  state  in  1*178  mav  have  caused  an  unusually 
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high  deposition  of  sediment  from  the  Snn  Lorenzo  River  Into  the 
littoral  system.  However,  the  harbor  did  not  shoal  at  unusually 
high  rates  during  this  year.  In  any  event,  this  anomolous 
winter  should  not  he  used  to  explain  the  general  shoaling 
mechanism.  Onshore  transport  due  to  seasonal  profile  adjustments 
is  not  considered  a primary  cause  of  shoaling. 

t'.t'.’  Kip  currents  are  a secondary  mode  of  onshore-off  shore 
transport.  Rip  currents  have  been  observed  at  both  the  east  and 
the  west  Jetties.  A rip  current  along  either  jetty  can  transport 
material  from  the  beach  to  the  offshore  and  deposit  it  where  It 
can  later  be  carried  into  the  channel  by  a combination  of  wave 
agitation  and  tidal  Inlet  currents.  During  the  summer,  a rip 
current  is  often  generated  near  the  head  of  the  east  Jetty 
during  a southern  swell,  but  only  minor  shoaling  occurs  under 
these  conditions.  During  the  winter,  rips  are  often  observed 
along  the  west  jetty.  This  is  a normal  mechanism  associated 
with  sand  bypassing  a saturated  groin.  Some  of  the  rapid  tip- 
shoal  growth  in  winter  and  spring  may  result  from  the  landward 
return  of  material  moved  offshore  by  these  west-beach  rip 
currents;  however,  this  mechanism  has  been  Identified  as  a 
bypassing  of  the  west  jetty  and  not  as  onshore  transport  of 
bottom  material. 

I'.bJ  A third  mode  of  onshore  transport  is  the  movement  of  sand 
in  depths  greater  than  .’()  feet.  Fishermen  report  sand  movements 
covering  their  nets  in  depths  as  great  as  bO  feet.  Assuming 
that  a bottom  velocity  of  0.5  feet  per  second  is  required  to 
initiate  movement,  sand  motion  should  be  Induced  by  one-foot 
waves  in  as  much  as  thirty  feet  of  water.  The  sand  motion  would 
be  oscillatory,  but  superposition  of  a steady-state  bottom 
current  would  tend  to  move  the  agitated  material  uni- 
directional ly  along  the  offshore  bottom.  While  considerable 
sand  movement  is  known  to  occur  offshore,  it  generally  takes  the 
torm  of  a slow  migration  of  ripples  in  a saltation  process. 

Very  little  is  known  about  offshore  bottom  current  structure1  in 
the  study  area  or  even  the  character  of  sediments  on  the  offshore 
bottom.  Yancv  (1968),  however,  concluded  that  movement  in  the 
offshore  region  was  primarily  the  seaward  loss  ot  fines  to  deep 
water . 


t’.b4  Survey  data  are  not  suf  f ielently  reliable  oil  Santa  Cruz 
to  detect  offshore  saint  movements.  Offshore  profiles  in  depths 
ranging  from  20  to  10  feet  show  vertical  fluctuations  of  the 
bottom  as  large  as  four  feet.  These  fluctuations  appeal  In 
the  October  l'lb4  soundings  and  may  be  measurements  of  waves 
rather  than  actual  changes  in  bottom  elevation.  The  absence  of 
sufficient  survey  data  or  adequate  quantification  of  ripple-bed 
movement  renders  It  difficult  to  assign  a percentage  to  the 
portion  ot  shoaling  in  the  channel  that  is  due  to  onshore  trans- 
port of  material  from  depths  greater  than  20  feet.  However,  it 
ts  considered  small  in  comparison  with  that  due  to  longshore 
t ranspor t . 


C.bS  Tidal  F.xchange . Tidal  inlets  through  sandy  shorelines 
mav  trap  and  store  sediments  derived  from  the  littoral  environment 
through  the  act  Ion  of  t idel- induced  currents.  Tidal  currents 
are  a possible  cause  of  the  shoaling  of  the  Santa  Cruz  Harbor 
entrance  channel.  Although  no  measurements  of  tidal  velocities 
have  been  reported,  calculated  tidal  currents  for  the  project 
channel  have  a maximum  velocity  in  the  order  of  0.1b  feet  per 
second.  Tidal  currents  become  important  only  after  the  shoal 
has  formed  and  a small  equilibrium  channel  through  it  has  been 
established.  Only  then  are  the  tidal  currents  strong  enough  to 
transport  additional  material  into  the  harbor  on  flood  tides. 

Surge  induced  currents  also  would  contribute  toward  shoaling. 
Kvldence  of  tide- Induced  or  surge-induced  current  transport 
would  be  the  growth  of  a shoal  at  t lie  inner  end  of  the  constricted 
tidal  channel.  The  absence  of  such  an  inner  shoal  indicates 
that  this  mechanism  Is  of  minor  importance. 


f'.bb  Littoral-Transport  Rates.  The  preceding  discussion  is  a 
summary  of  the  available  data  on  littoral  transport.  Order-of- 
magnitude  quantifications  of  each  shoaling  process  were  made 
based  on  analysts  of  the  data  and  application  theoretical  concepts. 
A more  definitive  quantification  on  which  to  base  the  design  ol 
structures  or  development  of  maintenance  programs  would  be 
desirable.  However,  sufficient  quantitative  data  are  not  available 
to  refine  the  analysis.  Significant  variations  in  quantities 
may  occur  from  vear  to  year  as  a result  of  changes  in  the  bypassing 
and  maintenance  procedures,  flooding  of  the  San  l.orenzo  River, 
ami  variations  in  the  wave  climate. 


C.67  Baaed  on  the  energy-flux  calculations,  which  predict  an 
upper  hound  for  net  littoral-transport  rates  of  488,000  cubic 
yards  per  year,  and  the  early  Impoundment  rate  at  the  west  Jetty 
fillet  and  channel  shoaling  of  285,000  cubic  yards  per  year,  the 
net  longshore  transport  rate  Is  estimated  at  300,000  to  500,000 
cubic  yards  per  year.  The  documented  high  occurred  in  the 
winter  of  1977-78  when  162,000  cubic  yards  were  transmitted  to 
the  east  beach  bv  the  phased  dredging  program  and  about  55,000 
cubic  yards  were  transported  by  the  WES  plant.  The  hypothesized 
quantification  of  transport  Into  the  channel  and  on  to  the  east 
Is  depicted  In  figure  C41.  Wind  transport  Into  the  channel  is 
estimated  at  5,000  cubic  yards  per  year  over  the  west  Jetty  and 

2.000  cubic  yards  per  year  over  the  east  Jetty.  Transport 
through  voids  In  stonework  Is  estimated  at  20,000  cubic  yards 
per  year  for  the  west  Jetty  and  1,000  cubic  yards  per  year  for 
the  better  sealed  east  Jettv.  Most  of  the  material  that  enters 
the  channel  is  believed  to  be  that  which  bypasses  the  head  of 

the  west  Jetty  and  forms  the  tip  shoal.  The  quantity  Is  estimated 
at  100,000  cubic  yards  per  year.  It  Is  estimated  that  an  addi- 
tional 175,000  to  375,000  cubic  yards  a year  naturally  bypass 
the  head  of  the  west  Jetty,  traverse  the  outer  face  of  the  tip 
shoal,  cross  the  tidal  channel  and  the  shoal  off  the  east  Jetty, 
and  continue  on  to  the  east  beach.  Tidal  currents  and  onshore 
transport  are  estimated  to  account  for  an  additional  2,000  cubic 
yards  of  fines  entering  the  channel.  This  2,000  cubic  yards  may 
be  low,  but  this  mechanism  is  closely  related  to  reversal  of 
transport  and  bypassing  the  west  Jetty.  Updril't  littoral  trans- 
port from  the  east  beach  around  the  head  of  the  east  Jetty  via 
rip  currents  and  wave  Induced  onshore  transport  is  estimated  at 

20.000  cubic  yards  per  year.  The  average  amount  of  maintenance 
dredging  deposited  on  the  east  beach  Is  estimated  at  150,000 
cubic  yards  per  year,  even  though  "pay  yards"  are  but  two-thirds 
of  this  figure.  The  175,000  to  375,000  cubic  yards  that  have 
naturally  bypassed,  plus  the  150,000  cubic  yards  of  maintenance 
bypassing,  minus  the  23,000  which  re-enter  the  harbor,  leave  an 
additional  2,000  cubic  yards  which  are  returned  to  the  offshore 
from  the  downdrlft  beach.  The  budget  is  balanced  with  300,000 
to  500,000  cubic  yards  going  downdrlft  around  Black  Point. 

These  figures  were  developed  prior  to  the  phased  dredging  program. 
As  will  be  explained  in  Section  0,  the  more  current  dredgings 
with  more  frequent  surveys  indicated  that  the  natural-bypassing 
estimate  should  be  reduced  and  that  the  harbor-shoaling  estimate 
should  be  Increased;  however,  this  may  be  a severe  winter 
shoaling  episode  and  may  not  reflect  long-term  trends. 
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C.68  The  preceding  analyses  of  surveys,  dredging  records  and 
theory  were  directed  toward  building  a hypothesis  of  the  shoaling 
process.  Data  are  generally  available  to  determine  shoaling 
rates  only  on  a monthly  basis;  however,  observers  have  noted 
that  the  channel  has  closed  on  occasion  during  a two-  or 
three-day  storm.  The  data  indicate  that  the  shoaling  occurs 
slowly  most  of  the  year  but  increases  rapidly  during  the  winter 
storm  season.  Figure  C42  plots  hourly  potential  littoral- 
transport  rates  on  an  open  beach  as  a function  of  the  breaker 
height  for  two  assumed  breaker  angles,  the  angle  between  wave 
crest  and  shoreline  at  breaking.  Data  points  for  the  plot  were 
calculated  by  energy-flux  methods  described  in  Appendix  2.  The 
plot  indicates  the  sensitivity  of  the  littoral-transport  rate  to 
both  wave  height  and  breaker  angle.  A one-dav  storm  with  a 
significant  breaker  height  of  10  feet  arriving  with  a breaker 
angle  between  five  and  10  degrees  could  transport  from  24,000  to 
48,000  cubic  yards  per  day.  The  slope-array  wave  gage  analysis 
predicted  a maximum  of  about  4000  cubic  yards  per  day  for  two 
storms  in  February,  1978,  where  the  maximum  recorded  wave  height 
was  only  seven  feet.  The  sediment-budget  analysis  predicts  that 
less  than  half  of  the  material  in  transport  would  enter  the 
channel  if  a tip  shoal  were  present  across  the  channel  to  permit 
natural  bypassing.  Thus,  a single  severe  storm  could  potentially 
shoal  the  channel  to  less  than  navigable  depths.  Monthly  condition 
surveys  indicate  that  the  theoretical  estimates  for  short-term 
transport  rates  are  the  correct  order-of-magni tilde  range. 

Extreme  monthly  shoaling  rates  have  averaged  about  30,000  cubic 
yards.  Therefore,  considering  natural  bypassing,  the  true  net 
transport  rate  could  be  as  high  as  60,000  to  150,000  cubic  yards 
in  a month. 
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MON  I TOR  I Ni:  PROGRAMS 


I'.h1}  Tho  preceding  analysis  was  based  on  data  aval  lab le  lor 
this  study  of  littoral  processes  at  Santa  Cruz.  Several  phenomena 
were  discussed  which  could  have  been  better  described  had  more 
data  been  available.  On  the  other  hand,  some  data  were  taken  in 
more  detail  than  necessary  for  this  study.  The  purpose  of  this 
section  is  to  provide  a brief  description  of  ongoing  monitoring 
programs  and  proposed  modifications  to  these  programs  and  to 
suggest  new  programs  that  would  provide  data  in  the  future  to 
better  describe  the  littoral  processes  and  shoaling  mechanisms. 

0.70  Ongoing  Programs.  Monitoring  programs  currently  in 
effect  Include  condition  surveys  of  the  entrance  channel  and 
vicinity,  beach-erosion  surveys,  aerial  photography,  wave-gage 
measurements,  and  daily  visual  observations  of  coastal  phenomena. 
The  condition  surveys  have  yielded  the  most  beneficial  data 
toward  defining  the  littoral  processes.  The  condition  surveys 
have  been  taken  in  the  navigation  channel  and  500  feet  updrift 
and  downdrlft  of  the  harbor  along  range  lines  spaced  50  feet 
apart  and  extending  1000  feet  offshore.  These  surveys  are  taken 
monthly  in  the  winter  and  every  other  month  in  the  summer.  Each 
survey  costs  approximately  $5,000  and  takes  approximately  two  to 
three  days  to  complete.  Beach-erosion  surveys,  consisting  of 
beach  profiles  and  hydrographic  surveys,  are  taken  at  approxi- 
mately ten  ranges  between  Black  Point  and  the  San  Lorenzo  River. 
Range  lines,  approximately  200  to  1000  feet  apart,  extend  3000 
feet  seaward  to  the  30-foot  contour.  Surveys  are  taken  on  the 
average  of  twice  a vear,  at  a cost  of  $17,000  per  survey. 

C.71  Future  studies  and  documentation  of  littoral  processes  in 
the  vicinity  would  benefit  by  taking  surveys  more  consistently, 
both  in  time  interval  and  in  location  of  range  lines.  In  addi- 
tion, the  areal  coverage  should  be  expanded  to  allow  monitoring 
of  changes  in  the  San  Lorenzo  River  delta  and  in  the  beach  and 
shoal  off  Black  Point.  The  50-foot  range  line  spacing  used  for 
the  condition  surveys  outside  of  the  harbor  more  than  adequately 
describes  relatively  regular  bathymetry.  A modified  program 
combining  the  condition  surveys,  beach  profiles,  and  hydrographic 
surveys  is  suggested.  The  50-foot  range- line  spacing  In 


the  channel  Is  required,  but  the  distance  between 

range  lines  could  be  increased  in  areas  outside  the  channel. 

The  first  two  profiles  on  either  side  could  be  spaced  at  300 
feet,  and  beyond  them  at  500  feet  extending  westward  to  the  east 
side  of  the  San  Lorenzo  River  delta  and  eastward  to  Black  Point. 

Analyses  of  previous  surveys  did  not  reveal  meaningful  results  for 
soundings  taken  in  depths  greater  than  20  feet.  Therefore,  the  profiles 
need  not  extend  beyond  the  25-foot  contour,  except  for  infrequent 
extensions  to  the  40-foot  contour  to  document  long-term  changes. 

The  condition-type  surveys  should  be  taken  on  a monthly  basis 
from  November  through  March  and  in  July  and  September,  and 
should  extend  only  to  the  first  two  profiles  on  each  side  of  the 
harbor.  The  phased  dredging  program  may,  however,  dictate  the 
timing  of  the  surveys.  The  hydrographic  beach-profile  surveys 
should  be  taken  in  September  and  March  to  document  the  summer 
and  winter  beaches.  Provision  should  be  made  for  a pre-  and 
post-storm  survey  of  the  harbor  and  San  Lorenzo  River  delta  to 
document  changes  due  to  a single  event.  This  is  most  adaptable 
to  the  first  major  storm  of  a season  which  follows  a scheduled 
survey. 

C.72  An  extensive  aerial  photography  monitoring  program  is 
currently  being  conducted.  The  program  comprises  twice  monthly 
flights  over  the  area  from  Natural  Bridges  Beach  to  New  Brighton 
State  Beach.  The  photography  program  costs  about  $2,500  per 
flight . 

C.73  The  photographs  are  useful  in  interpolating  and  extrapo- 
lating shoreline  configurations;  however,  the  MLLW  line  cannot 
be  accurately  determined  from  analysis  of  the  photographs  because 
of  wave  runup  and  a six-foot  tide  range.  The  photography  program 
could  be  reduced  to  two  or  four  flights  per  year  and  coverage 
only  between  Point  Santa  Cruz  and  Black  Point  without  signifi- 
cantly decreasing  its  usefulness.  The  scale  should  be  about 
1:5000. 

C.74  An  extensive  wave-gaging  program  is  being  prepared  to 
monitor  waves  in  Monterey  Bay.  A four-gage  array  was  installed 
in  September  1977  by  the  State  of  California  and  the  Army  Corps 
of  Engineers,  off  the  west  jetty  in  20  feet  of  water.  The 
purpose  of  the  gages  is  to  measure  directional  wave  spectra 
twice  daily.  The  cost  of  the  program  is  $14,000  per  year  per  gage. 
Several  other  wave  gages  are  being  installed  in  Monterey  Bay,  in 
about  20  to  30  feet  of  water  off  the  piers  at  Santa  Cruz,  Capitola, 
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Sea  Cliff,  and  Monterey,  and  off  the  Moss  Landing  breakwater,  as 
part  of  an  overall  wave-measurement  program  In  Monterey  Bay.  A 
wave-rider  buoy  Is  to  be  installed  in  200  feet  of  water  southwest 
of  Santa  Cruz  off  the  Natural  Bridges  State  Beach. 

C.75  The  overall  wave-monitoring  program  in  Monterey  Bay  is 
intended  to  better  describe  the  shoaling  problem  and  coastal 
processes  so  that  operation  and  maintenance  of  coastal  harbors 
may  be  made  more  cost-effective.  The  present  slope-array  gage 
system  off  the  Santa  Cruz  breakwater  gives  a detailed  statistical 
description  of  the  wave-pressure  field.  Several  years  of  sta- 
tistics are  required  to  reliably  predict  long-term  trends  in 
wave  climate.  The  wave  gage  experienced  operational  problems  in 
March  1978  during  the  first  winter  season  of  the  phased  dredging 
program.  Data  from  the  gage  should  be  analyzed  in  detail  to 
verify  sampling  techniques.  Early  verification  of  sampling 
techniques  and  procedures  could  lead  to  minor  adjustments  of  the 
program  that  would  render  the  results  more  meaningful. 

C.76  Daily  visual  observations  of  littoral  phenomena  are  per- 
formed under  the  Littoral  Environmental  Observations  (LEO)  pro- 
gram. Presently  four  stations  are  in  effect:  two  between  the 
harbor  and  the  San  Lorenzo  River,  and  two  between  the  harbor  and 
Black  Point.  This  program  is  scheduled  to  continue,  at  a cost 
of  $2,000  per  year.  The  LEO  data  collected  in  the  past  have 
been  of  relatively  little  value  because  they  were  not  collected 
and  reported  in  a consistent  manner.  Adequate  supervision  and 
bet ter-trained  observers  should  eliminate  this  defect  and  possibly 
provide  data  useful  for  future  planning. 

C. 77  Suggested  Additional  Programs.  The  shoaling  process  can 
be  documented  as  a function  of  incident  waves  inexpensively  and 
easily  by  photographs  from  a time-lapse  camera  mounted  on  a 
bluff  or  on  a pole  near  the  harbor.  Frames  taken  hourly  to  four 
times  a day  over  the  period  of  a year  would  visually  document 
wave  action  and  beach  and  shoal  response.  A 15-second  burst  of 
movie  film  once  a day  at  the  same  time  would  provide  additional 
information.  These  simple  programs  can  be  a powerful  tool  in 
describing  shoaling  and  beach  changes. 
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C.78  The  suspected  presence  of  large  quantities  of  sand  in  the 
offshore  regions  represents  a large  unknown  In  the  littoral 
regime  of  the  area.  Large  quantities  of  material  may  be  in 
littoral  transport  offshore.  The  first  step  in  determining  the 
importance  of  onshore-offshore  transport  would  be  a sampling 
program  to  determine  the  size  distribution  and  depth  of  uncon- 
solidated bottom  sediments  out  to  the  30-foot  depth  contour.  If 
material  is  in  transport  from  deep-water  off  Point  Santa  Cruz 
onshore  to  the  beaches  in  the  vicinity  of  the  project  site,  the 
size  distribution  of  the  beach  and  offshore  material  should 
compare.  This  should  be  done  to  supplement  Yancey  (1968)  in 
more  detail  of  the  project  site.  The  sampling  program  should 
also  include  sieve  analysis  of  the  shoaling  material  in  the 
harbor  to  compare  it  with  that  of  the  up-  and  downdrift  beaches 
as  well  as  that  found  in  the  river  delta.  The  sampling  program 
could  be  expanded  to  include  a sand  dye-tracer  study  if  the 
results  indicated  that  materials  in  the  offshore  area  were  of 
the  same  gradation  as  that  of  the  onshore  shoaling  material. 

C.79  The  rate  at  which  sediment  leaks  through  and  over  the 
jetties  can  be  estimated  by  dredging  a portion  of  the  shoulder 
lining  the  perimeter  of  the  channel.  By  dredging  200-foot-long 
pockets  and  taking  frequent  soundings,  the  rate  of  infilling  due 
to  various  wave  episodes  could  be  determined.  Careful  analysis 
of  the  manner  in  which  the  pocket  fills  would  lead  to  a better 
estimate  of  the  leakage  rate  through  the  jetties. 

C.80  Other  possible  monitoring  programs  include:  side-scan 
sonar,  dye-tracer  sand  studies,  and  bottom  current  measurements. 
Side-scan  sonar  has  been  suggested  as  a possible  method  of  de- 
tecting offshore  movement  of  sand  waves.  Review  of  profiles 
indicates  that  the  offshore  changes  in  depths  greater  than  20 
feet  have  a vertical  range  of  less  than  about  two  feet.  Side- 
scan  sonar  is  not  suited  to  detecting  movements  of  slow-moving 
and  small-amplitude  sand  waves.  Dye-tracer  sand  studies  could 
be  implemented  to  detect  the  direction  of  sand  movement.  Dye- 
tracer  studies  are  generally  expensive  and  often  lead  to  frustra- 
tion when  the  dye  patch  suddenly  disappears.  Current  meters 
could  be  used  to  measure  offshore  bottom  currents;  however, 
reliable  current  meters  that  segregate  orbital  velocities  of 
waves  from  uni-directional  flow  are  expensive.  Several  current 
meters  would  be  required  to  plot  the  current  structure  with 
sufficient  accuracy  to  make  a meaningful  analysis,  and  the  cost 
of  such  a program  would  be  prohibitive. 
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SECTION  n 


MUl.TT-VEAR  INTERIM  DR  FIX!  INC  PROGRAM 


BACKGROUND 


D.  I Oom'j.11 . The  preceding  sections  described  the  shoaling 
mechanism  and  the  general  dredging  practice  from  l S until 
1H77.  The  annual  dredging  procedure  had  not  been  satisfactory 
to  the  boaters  who  use  the  harbor.  The  channel  either  had 
been  closed  to  navigation  for  the  winter  or  hazardous  conditions 
existed  in  the  entrance  channel.  Photograph  PI  shows  a typical 
winter  condition  with  an  eight-foot  wave  breaking  across  the  tip 
shoal  in  the  entrance.  This  condition  occurs  frequently  and 
has  caused  broaching  of  several  boats  and  rendered  dredging 
operations  difficult.  The  tip  shoal  has  created  a surf  shoal 
across  the  entrance  channel  resulting  in  conflicts  between 
surfers  and  boaters.  Commercial  fishermen  who  use  the  harbor 
as  a home  port  experienced  difficulties  in  some  years  of  not 
being  able  to  get  to  sea  for  the  opening  of  salmon  season  on 
April  15. 

P.2  This  study  was  undertaken  to  develop  a means  of  fulfilling 
the  long-range  objective  of  the  authorizing  document  of  turning 
over  to  the  Port  District  for  operation  and  maintenance  an 
effective  sand-bypassing  system.  The  first  work  item  was  to 
develop  a mulM-vear  dredging  program  to  shorten  the  longevity 
of  entrance-clogging  shoals,  with  their  attendant  navigation 
hazards,  pending  development  of  a long-term  solution.  A 
multi-year  dredging  contract  was  awarded  to  the  successful 
bidder,  Shellmaker,  Incorporated,  in  November  1977  to  prosecute 
a two-vear  phased  dredging  program  as  developed  in  a report , 

"Santa  Cruz  Harbor,  Multi-vear  Interim  Dredging  Report," 

November  l‘J77.  The  basis  of  that  program  development  is 
presented  in  this  section  as  a new  philosophy  regarding  maintenance 
dredging  at  Santa  Cruz  Harbor.  The  program  that  evolved  from 
the  studv  was  considerably  different  from  the  standardized 
procedures  normal lv  developed  by  the  District,  and  insuffi- 
cient time  was  available  to  detail  it  to  the  satisfaction  all 
parties  involved  prior  to  request  for  bids.  Furthermore,  the 
recommended  plan  required  dredging  outside  the  project  boundaries, 
and  the  WKS  bvpassing  experiment  was  concurrently  in  progress. 
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Photograph  D1 : Wave-Breaking  Across  Entrance  Channel 


These  factors  necessitated  some  minor  procedural  changes  at  the  last 
minute;  consequently,  the  originally  conceived  plan  was  prosecuted 
in  concept,  but  not  in  full  detail.  The  remainder  of  this  section 
describes  the  philosophy  of  the  plan,  the  basic  changes,  and  the 
experience  gained  from  the  first  year  of  operation.  This  first- 
year  experience  was  useful  in  developing  and  evaluating  alternative 
long-term  solutions  and  possible  modifications  of  future  multi- 
year interim  dredging  programs. 

D.3  Scope  of  Multi-Year  Prop, ram.  The  basic  requirement  was  to 
develop  an  interim,  multi-year  dredging  program  that  would  be  more 
responsive  to  the  needs  of  boaters  by  maintaining  a navigable 
channel  for  a greater  part  of  the  year  than  in  the  past.  The 
program  was  to  he  developed  prior  to  the  completion  of  a detailed 
study  of  littoral  processes.  Its  purpose  was  to  reduce  dredge- 
mobilization  costs  by  awarding  a contractor  a long-term  agreement. 
Part  of  the  problem  was  to  define  the  optimum  length  of  the 
multi-year  contract. 

D.4  Bypassing  at  Other  Harbors.  A study  of  dredging  efforts  at 
other  small-boat  harbors  was  made  to  illustrate  the  relative 
magnitude  of  bypassing  efforts  at  Santa  Cruz  as  compared  with 
those  at  other  harbors.  The  goal  of  sand  bypassing  activities  at 
Santa  Barbara,  Ventura  Marina,  Channel  Islands  Harbor,  Santa 
Monica  and  Oceanside  is  to  bypass  all  littoral  drift  and  to 
continuously  maintain  a safely  navigable  entrance.  Table  D1 
shows  that  the  annual  bypassing  at  these  harbors  averages  4b7 
cubic  yards  per  berth.  Santa  Cruz  Harbor  has  historically  bypassed 
only  110  cubic  yards  per  berth  per  year.  Assuming  a gross  drift 
rate  of  400,000  cubic  yards  per  year,  the  900  berth  marina  could 
conceivably  require  the  bypassing  of  444  cubic  yards  per  berth  to 
be  comparable  to  the  other  harbors  referenced.  On  the  other 
hand,  the  actual  bypassing  rate  required  is  a function  of  the 
local  net  annual  rate  of  littoral  transport,  gross  rates  in  each 
direction,  impoundment  effects  of  harbor  structures,  channel 
depths  and  their  relation  to  natural  bypassing,  etc.  The  rate 
per  berth  is  only  incidental  to  these  controlling  factors. 
Nonetheless,  a review  of  dredging  statistics  shows  that  signifi- 
cantly greater  quantities  of  sand  have  been  bypassed  at  other 
harbors  than  have  been  programmed  for  bypassing  at  Santa  Cruz 
Harbor  to  date. 
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TABLE  Dl 


Harbor 

Santa  Barbara 
Ventura  Marina 
Channel  Islands 
Oceanside 

Total 

Average 


OTHER  SAND 

bypassing  EFFORTS 

Annual 

Ouantity 

Cubic  Yards 

in  Cubic  Yards 

No.  Berths 

Bypass 

per  Berth 

800 

300,000 

375 

1,260 

700,000 

555 

1,540 

1,300,000* 

422 

794 

400,000 

504 

4,390 

2,050,000 

467  cubic  yards  per  berth. 


* Tli is  effort  bypassed  two  harbors  (Channel  Islands  and  Port 
Hueneme);  credit  650,000  C.Y.  to  each. 


DESCRIPTION  OF  THF.  PLAN 


D.5  General  Requirements.  A plan  was  formulated  based  on  the 
history  of  shoaling  and  dredging  and  on  discussions  held  with  the 
harbor  manager  and  with  representatives  of  the  commercial  fishermen, 
the  most  frequent  users  of  the  harbor  in  the  winter  season.  The 
strongest  plea  of  the  commercial  fishermen  was  to  have  the  dredge 
available  during  the  winter  to  clear  the  channel  and  particularly 
to  be  able  to  use  the  channel  for  the  salmon  season  which  starts 
15  April.  Salmon  catches  are  one  of  their  major  sources  of 
income.  The  fisherman  agreed  that  the  harbor  entrance  should  not 
be  used  during  storms  or  high-wave  episodes  and  stated  that  they 
could  accept  about  a five-day  delay  after  a storm  for  removal  of 
hazardous  shoals.  They  defined  a minimum  acceptable  depth  of  10 
feet  MLLW  and,  though  not  definitive  about  width,  they  indicated 
that  a 50-foot  channel  might  be  acceptable.  However,  considering 
dredge  efficiency  and  problems  of  breakers  in  the  channel  when 
waves  approach  at  an  angle,  a 100-foot  wide  channel  was  selected 
as  a minimum  dimension  to  be  maintained. 

D.6  A review  of  the  dredging  and  accretion  histories  of  Santa 
Cruz  Harbor  for  the  period  between  1972-1977  Indicates  that 
shoaling  rates  decrease  between  April  and  November  and  that 
dredging  of  the  navigation  entrance  to  the  full  project  width  and 
depth  in  April  results  in  a navigable  channel  through  the  summer 
and  the  busy  boating  season.  Periodic  maintenance  dredging  would 
be  required  between  November  and  April  to  keep  the  channel  open 
to  navigation.  A total  sand  bypassing  program  with  the  existing 
harbor  entrance  configuration  would  not  be  feasible  because  there 
is  neither  adequate  protection  to  keep  a dredge  operating  during 
storms  nor  sufficient  storage  capacity  to  create  an  effective 
sediment  trap.  Two  conflicting  criteria  evolve.  The  channel 
should  be  wide  and  deep  enough  for  safe  navigation,  yet  narrow 
and  shoal  enough  to  maximize  the  natural  bypassing  of  littoral 
drift  during  the  winter.  A compromise  between  these  conflicting 
criteria  would  be  to  reduce  the  project  depth,  at  least  during 
the  winter.  For  example,  if  the  navigation  channel  could  be 
maintained  at  a depth  varying  between  10  and  15  feet  MLLW  over  a 
width  of  100  feet,  it  should  be  reasonably  safe  for  navigation 
(except  during  storm  wave  episodes)  and  yet  not  completely  inter- 
fere with  the  movement  of  littoral  drift  that  naturally  bypasses 
the  harbor  entrance  seaward  of  the  10-foot  depth  contour. 


D. 7 The  general  requirements  for  the  interim  dredging  program 
indicate  that  a floating  hydraulic  dredge  should  bo  mobilized  for 
effective  channel  maintenance.  The  existing  WES  plant  or  a 
dragline  operation  were  not  considered  suitable  to  dredge  the 
areas  where  shoaling  occurs.  Therefore,  an  alternative  program 
was  developed  based  on  using  a floating  hydraulic  dredge  with 
disposal  on  the  east  beach. 

D.8  WES  Plant.  The  Waterways  Experiment  Station  has  been 
testing  the  use  of  "eductors"  as  a continuous,  fixed  bypassing 
system.  Santa  Cruz  was  the  site  of  the  third  of  a series  of 
field  tests.  Poring  formulation  of  the  interim  dredging  program, 
this  test  was  in  progress  and  was  scheduled  to  continue  through 
the  winter  of  the  first  year.  The  production  of  the  WES  plant 
varied  from  zero  to  about  1,000  cubic  yards  per  day  with  little 
consistency  of  performance,  as  is  required  for  a reliable  system 
to  maintain  a harbor.  The  WES  plant  was  operating  on  the  west 
beach,  bypassing  sand  to  the  east  beach.  This  procedure  interferes 
less  with  channel  maintenance  operations  than  with  systems  using 
eductors  inside  the  harbor  and  it  should  not  seriously  affect  the 
interim  dredging  program.  However,  the  WES  experimental  system 
was  not  considered  reliable  at  this  stage  either  as  an  interim 
solution  or  as  a part  of  it.  The  interim  program  had  to  be 
developed  without  relying  on  the  WES  program  and  yet,  to  cause 
minimal  interference  with  it. 

D.9  l.ength  of  Contract.  While  a multi-year  contract  has  some 
advantages  over  a one-time  contract,  the  longer  the  contract  the 
more  clearly  working  conditions  must  be  known  to  ensure  a fair 
and  economical  contract  without  an  excessive  risk  of  change 
orders  or  claims.  On  the  other  hand,  few  dredges  of  the  14-  to 
27- inch  class  are  in  operation  on  the  West  Coast.  More  bidders 
might  be  attracted  by  offering  a contract  that  lasts  for  more 
than  one  year.  This  procedure  should  reduce  mobilization  and 
demobll izat ion  costs,  which  comprise  a large  percentage  of  the 
overall  cost  of  a small,  short-term  dredging  effort. 

P.10  A two-year  program  was  selected  as  being  optimum  for  the 
first  contract.  In  subsequent  years,  the  time  span  may  be  adjusted 
based  on  the  knowledge  gained  from  the  first  contract.  The 
contract  period  selected  was  from  about  1 November  1977  to  1 May 
1979.  The  contractor  would  he  required  to  have  his  dredge  in 
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Santa  Cruz  Harbor  mobilized  for  work  by  15  November  1977  and  to 
keep  it  there  either  working,  or  in  working  condition, unt il 
April -May  1978,  unless  released  earlier  by  the  Contracting 
Officer.  He  would  be  free  to  remove  the  dredge  during  the 
summer,  but  would  be  required  to  have  it  back  on  site  and  ready 
to  work  again  by  15  November  1978.  Any  change  in  equipment  would 
require  the  prior  approval  of  the  Contracing  Officer.  This 
arrangement  would  not  save  much  in  mobilization  and  demobilization 
costs,  as  compared  to  two  one-year  contracts,  but  would  assure 
the  bidder  of  work  for  two  years  and  an  opportunity  to  bid  more 
competitively  on  the  Moss  Landing  maintenance  program  scheduled 
for  1978.  This  advantage  should  partially  offset  the  cost  of 
keeping  a dredge  in  Santa  Cruz  Harbor  the  entire  winter  season. 

D.ll  Dredge  Capacity.  The  dredge  must  have  the  capability  of 
dredging  the  entrance  channel  to  a depth  of  10  to  15  feet  MLLW 
within  a 5-  to  15-day  period,  but  must  not  be  so  large  as  to 
entail  excessive  standby  charges.  Based  on  experience  at  Redondo- 
Malaga,  Oceanside,  Ventura  Marina,  and  previous  efforts  at  Santa 
Cruz  Harbor,  the  dredge  should  be  capable  of  working  in  3-foot 
seas  on  wires.  Examination  of  figure  C36  shows  that  from  December 
through  March,  the  monthly  rate  of  accretion  can  exceed  30,000 
cubic  yards  and  the  daily  rate  can  be  as  high  as  2,000  to  4,000 
cubic  yards  for  short  intervals.  Therefore,  the  rated  capability 
in  calm  water  should  be  at  least  250  cubic  yards  per  hour,  or 
4,000  cubic  yards  per  day,  based  on  a 16-hour  day  with  3,000  feet 
of  discharge  line.  Considering  this  minimum  production  capability 
and  the  severe  wave  climate,  it  was  not  likely  that  a dredge  with 
a discharge  line  of  less  than  14  inches  could  be  used.  The  required 
capacity  gives  the  contractor  incentive  to  promptly  dredge  the 
channel  to  contract  depth,  and  then  revert  to  standby  time  with 
related  reductions  in  crew,  and  operating  costs.  Unfortunately, 
the  Corps  of  Engineers'  normal  practice  of  using  "Liquidated 
Damages"  covering  the  costs  of  inspection  crews  after  completion 
due-dates  to  encourage  timely  performance  has  little  effect  on 
dredging  contractors  because  of  their  high  plant  and  operating 
costs.  If  liquidated  damages  could  include  losses  incurred  by 
the  users  of  the  harbor  As  well  as  losses  by  the  Corps,  the 
penalty  for  late  completion  could  be  a more  effective  tool  to 
ensure  prompt  and  effective  dredging. 
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D. 12  The  least  costly  sand-bypassing  program  at  Santa  Cruz 
Harbor  schedules  the  dredging  of  littoral  accretions  from  the 
entrance  once  each  year,  in  March  or  April.  This  historical 
procedure  has  not  been  satisfactory  to  the  boaters.  The  most 
desirable  program  is  one  which  would  effect  a constantly  main- 
tained project  depth  of  20  feet  MLLW.  This  would  require  almost 
daily  dredging  of  the  gross  littoral  transport.  As  a compromise, 
additional  dredging  episodes  between  November  and  April  would 
maintain  the  harbor  reasonably  safe  for  navigation  throughout 
the  year.  However,  short  periods  of  closure  should  be  expected 
to  allow  time  for  the  dredge  crew  to  re-mobilize  after  a severe 
winter  storm. 

0.13  The  desired  solution  falls  somewhere  between  once-a-year 
dredging  and  continuous  dredging.  The  adopted  plan  must,  however, 
assume  that  presently  available  equipment  will  be  used.  Over- 
depth dredging  or  creating  a trap  did  not  prove  feasible  because 
of  the  limited  capacity  of  the  entrance  channel  to  store  sand 
between  the  jetties  and  because  of  the  underlying  strata  of  clay 
or  hardpan.  An  intangible  factor  of  serious  concern  was  the 
possibility  that  any  method  of  channel  dredging  might  divert 
into  the  navigation  channel  a significant  portion  of  the  littoral 
drift  that  formerly  bypassed  the  harbor  naturally,  thereby 
Increasing  the  total  amount  of  sand  to  be  dredged.  Inevitably, 
this  will  happen  to  a certain  extent;  the  objective  is  to  minimize 
this  effect.  Natural  bypassing  can  be  facilitated  by  limiting 
winter  dredging  to  reaches  shoreward  of  the  10-foot  natural 
depth  of  the  ocean  floor  off  the  entrance  except  for  the  final 
dredging  in  April. 

0. 14  Table  C8  shows  that  an  estimated  average  of  43,000  cubic 
yards  accumulates  in  the  control  area  between  April  1 and  November  13, 
after  which  the  channel  shoals  to  depths  less  than  ten  feet. 

The  intensity  and  frequency  of  storm  waves  increases  after 
November  15  and  an  additional  114,000  cubic  yards  accumulates  in 
the  control  area  to  April  1.  Hence,  an  average  of  157,000  cubic 
yards  of  dredging  would  be  required.  This  is  close  to  the  one- 
phase  1977  dredging  quantity.  However,  if  the  material  were 
removed  during  the  winter,  additional  shoaling  of  the  channel 
could  occur  through  diversion  of  natural  bypassing.  The  amount 
of  this  additional  shoaling  can  only  be  determined  through 
experience. 

D.15  In  a phased  dredging  program,  the  contractor  would  be 
required  to  mobilize  his  crew  aperiodically . The  cost  of  these 
mini-mobilizations  could  be  reduced  by  having  fewer  of  them.  In 
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order  to  assure  the  contractor  of  reasonably  economic  dredging 
operations  at  such  times,  each  should  involve  not  less  than  a 
30,000-  to  50,000-cubic-yard  effort.  Based  on  4,000  cubic  yards 
per  work  day,  this  becomes  8 to  13  working  days  per  episode 
including  down  time  for  foul  weather  and  equipment  breakdown 
periods.  The  proposed  dredge  schedule  shown  in  table  D2  and 
figure  01  comprises  three  dredging  episodes  of  50,000  cubic  yards 
each  between  November  15  and  March  15,  plus  a final  dredging 
episode  in  mid-April  to  maintain  the  channel  open  to  navigation 
throughout  the  summer  season.  Construction  of  table  02  was  based 
on  the  shoaling  rates  in  table  C8.  Table  02  gives  the  minimum, 
average  and  maximum  accretion  rates  assuming  the  dredge  has  a 
capacity  of  4,000  cubic  yards  per  day.  The  final  dredging  in 
April  would  leave  6,000  to  43,000  cubic  yards  to  dredge,  plus  an 
unknown  quantity  of  sand  that  might  be  drawn  into  the  entrance  bv 
diversion  of  natural  bypassing. 

0.16  Dredge  size  and  efficiency  should  not  basically  affect  the 
concept  of  three  dredging  episodes  (phases)  of  30,000  to  50,000 
cubic  yards  each,  plus  a final  phase  in  April.  A small-capacitv 
dredge  would  take  longer  to  clear  the  channel  and  would  have 
fewer  standby  costs  than  a larger  dredge,  but  a larger  dredge 
would  open  the  channel  sooner  and  lose  less  operating  time  because 
of  high  wave  action.  The  larger  dredge,  by  clearing  the  channel 
quickly,  would  pump  less  sand  because  less  time  would  be  available 
for  more  sand  to  enter  the  channel  during  dredging  operations. 
However,  after  each  phase,  more  sand  which  otherwise  would 
naturally  bypass  the  harbor  could  be  trapped.  Mobilization, 
demobilization,  and  standby  costs  would,  of  course,  be  higher 
with  a larger  dredge. 

0.17  The  littoral  transport  rate  fluctuates  from  year  to  vear, 
and  the  dredging  requirements  should  be  flexible  enough  to 
accommodate  these  fluctuations.  Figure  01  illustrates  the 
potential  effects  that  the  dredging  program  could  have  on  shoaling 
volume,  assuming  that  50,000  cubic  yards  would  be  dredged  per 
phase  and  that  the  harbor  would  shoal  at  the  maximum  observed 
rate.  A net  amount  of  20,000  cubic  yards  could  accrete  by  April 
10  at  the  start  of  the  final  dredging  episode.  In  contrast, 
assuming  that  only  30,000  cubic  yards  would  be  dredged  per  phase 
in  conjunction  with  the  minimum  assumed  accretion  rates,  a net 
amount  of  43,000  cubic  yards  could  accrete  by  April  10. 
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PROPOSED  ANNUAL  DREDGE  SCHEDULE 
(Quantities  in  1000  Cubic  Yards)* 


*Quantities  are  approximate  and  based  upon  accretion  curves  of  figure  7. 
**This  does  not  include  possible  additional  littoral  drift  drawn  into  area 
during  Phase  I,  II  or  III  dredging.  A change  order  may  be  required  if 
this  addition  is  substantial.  This  quantity  assumes  dredging  is  to 
Project  Dimension. 


FIGURE  DI.  AVERAGE,  MAXIMUM  AND  MINIMUM  CUMULATIVE 

RATE  OF  ACCRETION  AS  MODIFIED  BY  PROPOSED 
DREDGE  PROGRAM. 
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n. 18  The  final  dredging  to  project  depth  starting  on  April  10 
could  include  6,000  to  43,000  cubic  yards  of  inter-phase  accretion 
in  addition  to  that  quantity  required  to  bring  the  channel  to 
full  project  depth  and  width  out  to  its  ocean  end.  Final  dredging 
may  exceed  50,000  cubic  yards.  Table  D2  lists  approximate  figures 
for  estimating  purposes. 

0.19  In  order  to  give  flexibility  to  the  dredging  program 
because  of  variations  in  shoaling  rates,  the  specifications 
should  allow  the  dredgerman  a base  of  30,000  cubic  yards  and  with 
an  optional  20,000  cubic  yards.  This  could  avoid  the  necessity 
of  overdredging  the  impounding  area  to  satisfy  a minimum  quantity 
of  50,000  cubic  yards  or  overpaying  a substantial  amount  for 
material  not  removed.  The  hazard  in  this  approach  is  that  if  an 
accretion  pattern  similar  to  that  which  occurred  in  1976  is 
encountered,  with  slow  rates  of  accretion  until  December  and  then 
very  rapid  accretion  the  remainder  of  the  winter,  a change  order 
may  be  required  at  about  the  time  of  Phase  III  dredging  either 
for  an  additional  dredging  episode  or  for  an  increase  in  Phase 
III  dredging  beyond  50,000  cubic  yards.  The  actual  dates  of  each 
episode  should  not  be  specified  because  variations  in  shoaling 
rates  can  be  expected. 

0.20  Dredging  Procedure.  The  purpose  of  the  first  three  phases 
of  dredging  is  to  allow  as  much  natural  bypassing  of  littoral 
drift  as  possible  as  well  as  to  maintain  minimal  navigation 
depths  in  the  entrance  channel  through  the  winter.  This  is  done 
by  attempting  not  to  interrupt  sand  in  littoral  motion  that  would 
naturally  bypass  the  harbor  each  winter  if  there  were  a shoal 
across  the  entrance.  This  goal  could  be  achieved  by  limiting  the 
area  and  depth  where  dredging  occurs.  The  10-foot  depth  contour 
extends  to  about  Station  22+50  in  winter.  Dredging  should  there- 
fore be  confined  to  areas  landward  of  Station  22+50.  A minimum 
width  of  navigation  channel  of  100  feet  was  established  and  a 
minimum  depth  of  10  feet  MLLW  is  required  for  reasonably  safe 
navigation  during  low  wave  conditions.  The  dredging  area  should 
not  be  confined  to  navigation  project  lines,  but  rather  to  the 
boundaries  shown  on  plate  9.  Dredging  outside  of  the  pro- 
ject channel  is  necessary  in  order  to  obtain  the  30,000  to 
50,000  cubic  yards  of  material  that  is  programmed  for  each  of  the 
three  dredge  phases.  The  greater  the  quantity  of  material  dredged 
on  a given  phase,  the  greater  the  trap  area  and  the  longer  the 
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period  of  time  the  harbor  would  remain  open.  A winter  project 
depth  of  14  feet  Ml.LW  with  allowable  overdepth  dredging  of  2 
feet  is  recommended.  An  average  channel  depth  of  15  feet  should 
result.  If  the  quantity  to  be  dredged  does  not  fall  within  the 
desired  30,000  to  50,000  cubic  yard  range,  then  the  taking  area 
should  be  deepened,  concentrating  first  in  areas  inshore  of 
Station  19  to  get  the  minimum  quantity  of  material.  This  change 
should  be  directed  by  the  Contracting  Officer  and  designed  to 
take  the  maximum  amount  of  sand  while  minimizing  the  diversion 
into  the  channel  of  littoral  drift  that  would  otherwise  naturally 
bypass  the  channel. 

D.21  In  order  to  provide  reliable  quantity  payments  and  reduce 
the  need  for  costly  surveys,  it  is  suggested  that  the  contractor 
be  permitted  to  establish  adequate  range  or  station  lines,  both 
parallel  and  perpendicular  to  the  centerline  of  the  channel. 

Pay  yardage  estimates  may  be  computed  using  the  following  procedure 

1.  A standard  pre-dredging  survey  would  be  the  responsibility 
of  the  contractor. 

2.  Progress  payment  measurements  could  be  made  by  the 
Contracting  Officer  using  leadline  soundings  from  the  forward 
portion  of  the  dredge  barge  and  averaging  the  soundings. 

3.  Side  slope  payment  would  be  accepted  as  an  assumed  one 
vertical  on  three  horizontal  slope  from  the  limit  of  swing  in 
each  direction. 

4.  The  standard  ±15%  "Variation  in  Estimated  Quantities", 
as  stated  in  the  Special  Provisions  of  standard  contracts,  would 
apply  to  these  three  phases  of  dredging. 

D.22  In  planning  the  program,  a fixed  time  schedule,  approximately 
as  shown  in  table  D2,  should  be  assumed.  However,  the  program 
should  have  enough  flexibility  so  that  if  a sudden  shoaling  to 
depths  of  less  than  10  feet  occurs  before  a dredging  phase  is 
scheduled  to  begin,  the  contractor  could  be  ordered  to  start 
that  phase  sooner.  The  specifications  should  provide  for  such 
an  eventuality,  assuring  the  contractor  adequate  advance  notice 
(say  five  days)  for  each  early  start.  With  these  provisions,  it 
is  anticipated  that  minimum  depths  of  10  to  16  feet  could  be 


maintained  except  during  unusu.il  I v (ii'Vric  storms  wliou  the  ili.innrl 
would  become  haxardous  to  navigation  sud  could  not  ho  used  In 
any  event  , Such  a storm  might  last  lor  throe  to  live  davs,  and 
the  channel  would  he  closed  tor  the  additional  time  requited  to 
mobilize  the  dredge  and  remove  the  shoal.  A small  dredge  may 
have  occasional  dllllcultv  In  working,  during  the  mld-wlntot 
se.ison.  It  so,  and  at  such  times,  the  specifications  should 
allow  the  foil  t rac  t I tig  ('ll  leer  to  reduce  the  amount  ol  dredging 
i equ  1 red  and  to  permit  removal  ot  material  I rent  Inside  t he* 
let  ties  rather  than  t torn  the  more  exposed  portions  of  the  taking 
area . 


final  I'l  edging  (April).  Three  (mponderah  I es  necessitate' 
l lexlhllltv  In  quantity  as  to  the  amount  ol  dredging  required  In 
t he  t I na 1 phase . 

1.  The  first  three  dredging  phases  will  he  done  while 
littoral  transport  Is  verv  active.  Observation  ot  tin*  W.K.S. 
eductot  expet  Intent  between  duly  l‘)/n  and  danttarv  I '•  7 7 Indicate 
that  the  In'les  treated  mav  have  caused  an  acee  I era  t tsl  movement 
ol  littotal  saiul  Into  these  depressions.  Actual  experience  will 
be  the  on  1 v reliable  basis  for  estimating  this  shoaling  factor, 
which  could  Increase  the  shoaling  rate  bv  as  much  as  100  percent. 

The  program  Is  based  on  the  normal  low-t  low  regimen  ot 
the  San  lorenzo  River.  1 tt  the  event  ol  a ma|or  flood,  sand  and 
olhet  debris  deposited  bv  the  river  would  be  carried  to  the  east 
and  have  a ma)or  Impact  on  the  condition  ol  the  harbor  entrance. 

A change  ordet  could  be  required. 

'.  I It  total  transport  rates  greater  or  less  than  those 
experienced  in  the  last  I Ive  years  mav  occur.  In  t he  I Ivevear 
period  t tom  I'>7.’  t o I '>  / /’ , annual  tales  did  not  varv  more  than 
.’OT  from  the  average.  Therefore,  a cumulative  total  ot  '10,000 
cubic  yards  should  provide  a reasonable  contingency. 

M.-’-'t  The  bid  Item  tor  the  t Inal  dredging  starting  on  April  10th 
should  comprise  a base  it  1 SO, 000  cubic  yards  with  an  optional 
add  1 1 Ive  of  10,000  cubic  yards.  This  dredging,  as  previously 
stated,  would  be  to  lull  prelect  width  and  depth  providing  a 
usable  navigation  channel  during  the  absence  ol  the  dredge  from 
Apt  I 1 10  to  Novemhei  IS,  Specification  for  the  final  dredging 

elpsode  should  stipulate  that  a minimum  depth  ot  10  I eel  Ml.l.W 
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throughout  the  project  channel  must  be  achieved  by  April  15  In 
order  to  open  the  harbor  for  the  fishing  season.  The  remainder 
of  the  channel  could  be  dredged  later. 

I). 25  Disposal  of  Dredged  Material.  Requirements  for  disposal 
of  dredged  material  on  the  east  beach  would  be  the  same  as  those 
specified  for  previous  maintenance  efforts.  Material  was  custom- 
arily transported  by  pipeline  about  1000  feet  east  of  the  channel 
and  deposited  on  the  beach  over  the  berm  and  Into  the  wave 
uprush  zone.  The  primary  disposal  area  for  the  phased  program 
should  be  as  far  east  of  the  channel  as  possible.  This  would 
encourage  movement  of  sand  around  Black  Point  and  reduce  the 
quantity  of  sand  re-entering  the  channel  from  around  the  east 
|etty  during  periods  of  southern  swell  and  local  seas  from  the 
southeast.  The  contractor  could  be  given  the  option  of  burying 
the  discharge  line  along  the  beach  or,  if  approved  by  local 
authorities,  using  a surface  line  and  removing  It  from  May 
through  October. 

D.26  Dredged  material  should  be  deposited  a minimum  distance  of 
1,800  feet  downdrift  of  the  east  Jetty  from  November  to  March, 
and  this  distance  should  be  increased  to  2,200  feet  In  March  and 
April.  The  normal  method  of  using  a Y in  the  discharge  line 
should  provide  the  necessary  flexibility  for  depositing  sand 
uniformly  along  about  700  feet  of  beach.  The  east  beach  opposite 
Schwann  Lagoon  normally  recedes  several  hundred  feet  in  February. 
When  this  occurs,  the  discharge  could  be  diverted  by  a Y to  re- 
nourish the  beach  in  this  area.  A diffuser  at  the  end  of  the 
discharge  line  need  not  be  required  unless  the  pipe  is  larger 
than  18  inches.  However,  sand  should  be  injected  directly  into 
the  surf  zone  to  facilitate  its  movement  around  Black  Point. 

D.27  The  history  of  the  beaches  east  of  the  )etty  indicates 
that  the  sand  normally  moves  on  downcoast  around  Black  Point. 

It  would  be  desirable  to  enhance  this  downcoast  progression  by 
scheduling  dredging  episodes  early  in  the  year  when  waves  are 
generally  from  the  northwest  and,  therefore,  more  conducive  to 
passing  the  material  beyond  Black  Point.  During  later  months 
when  the  waves  have  a more  southerly  direction,  extension  of  the 
discharge  line  over,  through,  or  around  Bla<'k  Point  would  reduce 
upcoast  migration  of  sand  into  Santa  Cruz  Harbor.  The  cost  of 
routing  the  discharge  In  such  a manner  would  be  excessive. 
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D.28  Coordination  with  the  City  of  Santa  Cruz,  State  Beaches 
and  Parks,  the  California  Coastal  Conservation  Commission  and 
other  agencies  is  required  to  establish  the  disposal  site  in  a 
location  that  will  best  satisfy  requirements  of  all  agencies 
involved . 

D.29  Standby  Time.  For  purposes  of  this  project,  "standby 
time"  is  defined  as  the  time  when  the  dredge  and  its  support 
equipment  are  required  to  stay  in  the  harbor  and  be  in  working 
condition.  Tt  does  not  include  time  for  repairs  or  delays  due 
to  rough  weather.  The  dredge  would  essentially  be  in  caretaker 
status,  and  the  contractor  could  expect  at  least  a five-day 
warning  before  being  required  to  initiate  a new  phase  of  dredging. 
The  Harbor  Manager  has  informally  indicated  two  areas  where  the 
dredge  could  be  moored  during  standby  periods.  He  has  also 
indicated  a location  where  the  dredge  could  stay  between  May  and 
November  if  the  contractor  elects  not.  to  remove  it  from  the 
area.  If  standby  time  is  not  shown  as  a bid  item,  the  contractor 
must  increase  his  unit  price  for  dredging,  based  on  his  own 
estimate  of  standby-time  losses.  Inclusion  of  the  "standby 
time"  bid  item  removes  this  element  of  guesswork  from  the  bidding 
process . 

P.30  Bidding  Schedule.  Table  D3  presents  the  recommended  bid 
schedule.  While  approximately  two  weeks  are  allowed  for  each 
dredging  episode,  actual  standby  time  will  vary  according  to 
actual  length  of  dredging  episode.  A daily  standby  rate  is  used 
to  encourage  the  contractor  to  shorten  his  dredging  time,  which 
would  be  an  operational  benefit  to  the  harbor.  If  a lump  sum 
standby  item  were  used,  a proportionate  reduction  of  standby 
time  would  have  to  be  given  for  the  time  any  dredging  operation 
was  slow  and  overran  the  start  of  a standby  period. 

D.31  Pre-Bid  Conference.  This  proposed  maintenance  procedure 
is  unusual.  The  dredging  fraternity  must  thoroughly  understand 
the  goals  and  anticipate  problems  to  be  encountered.  A pre-bid 
conference  not  only  would  encourage  and  enlighten  potential 
bidders,  but  their  feedback  frequently  helps  to  improve  the 
wording  of  the  final  specifications  to  the  advantage  of  all 
concerned . 
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Table  D3. 

PROPOSED  BIDDING  SCHEDULE 

MAINTENANCE  DREDGING 
SANTA  CRUZ  HARBOR, 

SANTA  CRUZ  COUNTY,  CALIFORNIA 


Item  Estimated  Unit  Estimated 

No. Description Quantity  Unit  Price  Amount 


1977  - 1978 


1. 

Mobilization  and 
Demobilization 

1 

Job 

L.S.  $_ 

2. 

Phase  I Dredging 

a.  First  30,000  C.Y. 

b.  Over  30,000  C.Y. 

30.000 

20.000 

C.Y. 

C.Y. 

$ $ 

3. 

Phase  II  Dredging 

a.  First  30,000  C.Y. 

b.  Over  30,000  C.Y. 

30.000 

20.000 

C.Y. 

C.Y. 

. 

4. 

Phase  III  Dredging 

a.  First  30,000  C.Y. 

b.  Over  30,000  C.Y. 

30.000 

20.000 

C.Y. 

C.Y. 

5. 

Standby 

100 

Days 

6. 

1978  Final 

Seasonal  Dredging 

a.  First  50,000  C.Y. 

b.  Over  50,000  C.Y. 

50.000 

30.000 

C.Y. 

C.Y. 

1978 

- 1979 

7. 

■1 

Phase  I Dredging 

a.  First  30,000  C.Y. 

b.  Over  30,000  C.Y. 

30.000 

20.000 

C.Y. 

C.Y. 

— 

8. 

Phase  II  Dredging 

a.  First  30,000  C.Y. 

b.  Over  30,000  C.Y. 

30.000 

20.000 

C.Y. 

C.Y. 

_ 

9. 

Phase  III  Dredging 

a.  First  30,000  C.Y. 

b.  Over  30,000  C.Y. 

30.000 

20.000 

C.Y. 

C.Y. 

10. 

Standby 

100 

Days 

11. 

1978  Final 

Seasonal  Dredging 

a.  First  50,000  C.Y. 

b.  Over  30,000  C.Y. 

50,000 

20,000 

C.Y. 

C.Y. 
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EVALUATION  OF  1977-1978  DREDCINC  P ROC RAM 


D.32  History.  The  winter  season  In  1977-1978  was  the  first 
year  of  the  two  year  Interim  dredging  program.  Because  of 
difficulties  encountered  in  preparing  plans  and  specifications 
for  bids,  implementation  of  the  first  phase  of  the  dredging 
contract  was  delayed  one  month.  The  dredging  contract  was 
awarded  to  Shellmaker,  Inc.,  on  November  2,  1978,  and  the  first 
phase  of  dredging  began  on  December  19,  1978.  The  Shellmaker 
dredge  was  a 12-inch  plant  with  a pumping  capacity  of  300  to  400 
cubic  yards  per  hour.  The  dredge  was  equiped  to  work  on  wires. 

Two  major  modifications  were  made  on  the  dredge  to  render  it 
more  seaworthy.  The  floatation  was  increased  bv  adding  a collar 
around  the  hull,  resulting  in  three  feet  of  additional  freeboard. 
The  27-foot  long  ladder  was  extended  to  fifty  feet  to  flatten 
the  angle  of  the  ladder  while  dredging.  The  ladder  was  damaged 
when  subjected  to  a large  bending  moment  during  the  first  phase 
while  dredging  on  the  south  side  of  the  harbor.  The  ladder  was 
repaired  and  shortened  to  40  feet  for  subsequent  phases.  During 
the  three  scheduled  phases,  the  one  special  phase,  and  the  final 
phase,  162,000  cubic  pay  yards  were  dredged.  The  L'KS  plant 
pumped  an  additional  55,000  cubic  yards  from  August  1977  to 
March  1978. 

D.33  Changes  in  the  Dredging  Plan.  The  final  dredging  plan 
and  specifications  did  not  conform  fully  to  the  plan  described 
in  the  "Santa  Cruz  Multi-Year  Interim  Dredging  Report,"  1977. 

The  boundaries  of  the  taking  areas  were  modified  as  shown  in 
plate  9 by  the  dotted  line.  The  primary  changes  were  to  limit 
the  taking  area  inside  the  protected  area  to  the  project  channel 
width  and  to  extend  the  taking  area  outside  the  protection  of 
the  jetty  an  additional  150  feet  to  station  24+00.  The  priorities 
for  removal  of  material  were  as  shown  in  plate  9.  The  change  in 
boundaries  and  priorities  were  made  for  several  reasons.  One 
involved  the  difficulties  encountered  in  changing  the  project 
dimensions.  For  example,  widening  the  channel  inside  the  protected 
area  could  have  interfered  with  the  WF.S  experiment.  The  side 
shoals  that  border  the  channel  were  postulated  to  reduce  surge 
in  the  harbor;  it  was  considered  desirable  to  leave  them  in 
tact.  These  changes  in  the  boundaries  and  priorities  altered, 
in  part,  the  principle  of  operation  of  the  plan  as  originally 
conceived,  which  was  to  remove  as  much  material  as  possible 
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within  the  protected  area  of  the  west  jetty  so  as  to  maximize  the 
storage  potential  while  minimizing  interference  with  the  natural 
bypassing.  The  implemented  plan  was  focused  more  on  intercepting 


sand  outside  of  the  protected  areas  and  channel.  Considerably 
less  storage  area  was  created  within  the  harbor  where  shoaling 
interferes  with  navigation.  Insufficient  time  was  allowed  to 
predict  the  possible  impacts  of  these  changes  on  the  dredging 
phases. 

D.34  The  primary  disposal  site  2500  feet  down  drift  of  the  cast 
jetty  could  not  be  used  because  of  the  difficulty  of  obtaining 
permits  and  easements  on  short  notice.  Therefore,  the  disposal 
area  was  at  the  secondary  site  1000  feet  down  drift  of  the  east 
jetty. 

D.35  Dredging  Experience.  The  quantities  dredged  during  the 
first  year  of  the  multi-year  interim  dredging  program  are  listed 
in  table  D4 . A volumetric  analysis  of  the  control  area  shown  on 
plate  10  and  used  in  developing  the  interim  dredging  program  was 
based  on  the  condition  surveys  that  were  taken  in  the  1977-1978 
winter.  The  results  are  plotted  in  figure  D2.  Figure  D3  also 
includes  quantities  removed  by  the  WES  experiment  and  quantities 
removed  by  maintenance  dredging.  The  shoaling  rate  within  the 
control  area  actually  decreased  between  July  and  mid-October,  and 
the  final  survey  revealed  10,000  cubic  yards  less  material  in  the 
control  area  than  in  April,  1977.  This  is  partially  attributed 
to  the  WES  plant,  which  removed  approximately  20,000  cubic  yards 
from  the  west  beach  and  from  areas  within  the  harbor  during  the 
periods.  Because  the  first  phase  was  delayed  one  month,  the 
amount  of  material  that  shoaled  in  the  control  area  was  about  one 
month  behind  schedule.  The  first  phase  lasted  12  days  and  removed 
28,000  pay  yards.  During  the  dredging  operation,  storm  waves 
damaged  the  dredge.  The  inspector  was  taking  soundings  as  work 
progressed,  and  pay  yardage  was  based  on  his  soundings  in  lieu  of 
the  customary  post-dredging  survey.  Immediately  after  completion 
of  this  dredging  a series  of  storms  and  large  waves  hit  the  Santa 
Cruz  area,  and  the  harbor  shoaled  rapidly.  The  second  phase  was 
initiated  near  the  end  of  January  1978,  and  two  additional  phases 
plus  the  final  phase  were  completed  during  the  first  winter. 

The  full  impact  of  the  program  during  the  winter  of  1977-78  is 
difficult  to  assess,  but  it  did  allow  navigation  through  the 
entrance  during  most  of  the  winter,  a feature  that  was  not 
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DREDGING  QUANTITIES  1977-1978 


Total  Channel  Dredging  (WES  & Pay  Yardage)  201,795 

Total  Dredging  (WES  & Contractor's  Estimate)  235,701 


r 


characteristic  of  harbor  operations  in  several  preceding  years. 

In  this  regard  the  program  was  successful.  The  actual  number  of 
days  that  the  harbor  remained  open  for  navigation  is  questionable, 
although  the  harbor  master  did  take  frequent  soundings  to  deter- 
mine the  controlling  depth.  A graph  summarizing  the  soundings 
and  minimum  depths  along  the  centerline  of  the  channel  is  presented 
in  figure  D3.  Depth  ranges  of  less  than  2 feet,  2 to  5 feet  and 
greater  than  5 feet  MI.LW  were  selected  by  the  harbor  master  as 
indicative  of  poor,  marginal  and  acceptable  navigating  conditions 
respectively.  The  minimum  depth  along  the  centerline,  as  revealed 
by  the  condition  surveys,  is  also  plotted  in  figure  D3.  The 
comparison  with  previous  years  indicates  that  the  dredging  plan 
was  partially  successful;  however,  periods  of  closed-entrance 
conditions  existed. 

0.36  Plate  10  displays  the  fluctuations  of  the  0-  and  10-foot 
depth  contours  in  response  to  dredging  and  shoaling  during  the 
1977-1978  year.  The  plate  was  prepared  using  all  condition 
surveys  taken  during  the  interim  dredging  program.  The  shoaling 
pattern  that  developed  was  similar  to  that  of  previous  years. 

Most  of  the  shoal  material  appears  to  be  that  which  bypassed  the 
head  of  the  west  jetty.  The  connection  of  the  10-foot  contour 
to  the  east  beach  indicates  a strong  possibility  that  material 
bypasses  the  harbor  naturally  during  certain  periods  between 
dredging  episodes. 

D.37  Operational  Problems.  Several  problems  arose  which 
either  hindered  the  dredging  operation  or  kept  the  harbor  closed 
longer  than  necessary.  In  general,  the  most  significant  problem 
was  high  surf,  which  in  January  and  February  prevailed  over  long 
periods  of  time.  When  the  surf  died  to  less  than  about  five 
feet,  a survey  had  to  be  taken  to  determine  predredging  conditions. 
The  second  phase  was  delayed  about  two  weeks  because  the  seas 
were  too  rough,  even  in  the  harbor,  for  the  survey  crew  to  make 
an  accurate  survey.  The  dredgerman  claimed  that  he  could  have 
dredged  and  opened  a channel,  but  that  the  survey  work  delayed 
him.  Another  problem  resulted  when  the  dredge  was  caught  working 
in  the  open  waters  in  high  surf.  The  dredgerman  claimed  that  it 
was  difficult  to  dredge  seaward  of  about  station  22+00  and  most 
troublesome  in  the  priority  area  3 off  the  east  beach  (see  plate 
9).  The  easiest  dredging  was  in  the  protected  area  on  the  lee 
side  of  the  jetty.  The  second  easiest  dredging  was  in  priority 
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area  2 between  station  22+00  and  22+50.  A dredge  can  operate  in 
higher  seas  heading  directly  into  them  or  quartering  with  them, 
but  when  the  waves  are  broadside,  the  resulting  vessel  motion 
induces  lateral  stresses  the  ladder  and  exposes  the  pipeline  to 
large  bending  moments.  This  problem  could  have  been  avoided  by 
following  the  originally  conceived  plan  and  not  dredge  in  priority 
area  3.  High  surf  during  high  tides  also  broke  the  discharge 
line  on  the  beach.  However,  this  was  the  result  of  an  unusually 
severe  storm  which  caused  damage  over  most  of  the  California 
coast.  The  frequency  of  this  type  of  damage  could  be  reduced  by 
burying  the  pipeline  or  by  building  the  beach  berm  to  a higher 
elevation. 

D.38  As  a result  of  union  agreements,  dredging  crews  are  hired 
by  the  week.  The  dredging  episodes  last  for  a week  or  two  at 
the  most.  The  dredgerman  experienced  difficulty  in  keeping 
crews  on  station  as  needed  for  this  spot  work. 

D.39  No  dredging  was  attempted  in  priority  area  4 until  the 
final  phase.  The  dredgerman  found  it  extremely  difficult  to 
dredge  from  station  11  to  about  16  because  of  debris,  including 
logs,  embedded  in  the  sand.  This  mat  of  debris  could  not  be 
removed  by  a suction  dredge  and  had  to  be  extracted  with  mechanical 
equipment.  The  record  rainfall  of  the  previous  winter  may  have 
discharged  large  quantities  of  debris  from  rivers  and  allowed 
waves,  during  the  exceptionally  high  tides,  to  redistribute 
debris  stored  on  beach  berms.  This  problem  was  not  serious  in 
prior  years,  and  future  dredging  episodes  mav  be  more  successful 
if  the  channel  is  maintained  to  project  depth  shoreward  of 
station  20+50. 

D.40  The  channel  in  the  winter  is  narrow  and  difficult  to  use 
during  high  surf.  Although  boaters  should  be  discouraged  from 
using  the  harbor  during  dangerous  conditions,  occasionally  they 
become  caught  in  undesirable  situations.  Entering  the  harbor, 
they  must  turn  so  as  to  take  the  waves  on  the  stern  quarter. 

This  induces  broaching,  which  may  result  either  in  capsizing  or 
driving  the  boat  into  the  jetty  or  onto  a shoal  inside  the 
dogleg  area.  Removal  of  this  shoal  could  reduce  the  frequency 
of  accidents,  but  major  modification  of  the  entrance  would  be 
required  to  prevent  broachings  during  high-surf  conditions. 
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D.41  The  experiences  gained  during  the  first  year  of  the  interim 
dredging  program  should  be  utilized  to  develop  better  programs 
for  the  future.  The  following  program  roughly  outlines  the 
recommended  procedure  that  would  result  in  more  cost-effective 
maintenance  dredging. 

D.42  Dredge  Capacity.  The  pumping  capacity  of  the  dredge  is 
not  the  primary  concern.  The  dredge  should  be  seaworthy  enough 
to  work  in  at  least  three-foot  seas  or  5-foot,  long  period  swell 
on  wires.  The  pumping  rate  should  be  at  least  4000  cubic  yards 
per  day.  The  modified,  12-inch  dredge  proved  marginally  acceptable. 

D.43  Dredging  Procedure.  The  recommended  dredging  boundaries, 
priorities  and  depth  are  shown  in  figure  D4.  This  procedure 
closely  follows  the  logic  of  the  program  guidelines  in  paragraphs 
Dl  through  D31.  Priority  1 is  to  dredge  the  main  channel  to  -20 
feet  MLLW  between  stations  17+50  and  2O+-50  and  to  -14  feet  MLLW 
between  stations  204-50  and  22+50.  This  is  the  primary  area  that 
shoals  and  hinders  navigation.  This  procedure  attempts  to  estab- 
lish a good  balance  between  increasing  trap  capacity  and  minimizing 
the  disturbance  of  natural  bypassing.  Priority  2 is  to  dredge  a 
trap  to  some  depth  between  14  and  20-feet  off  the  west  jetty. 

The  trap  should  not  extend  seaward  of  the  area  shown  because  that 
would  tend  to  reduce  natural  bypassing  and  increase  dredging 
quantities.  Priority  3 is  to  create  a trap  in  the  area  of  channel 
where  the  dredge  is  protected  by  the  west  jetty.  This  area  is 
outside  the  project  channel  but  is  the  key  to  increasing  trap 
area  in  protected  areas  where  natural  bypassing  is  not  affected 
by  dredging.  If  done  within  the  boundaries  shown,  a sufficient 
sand  shoulder  should  remain  on  the  seaward  side  to  attenuate  wave 
energy  entering  the  harbor.  Priority  4 is  similar  to  priority  3 
but  on  the  other  side  of  the  channel.  Priority  5 is  to  maintain 
the  channel  to  20-foot  project  depth  from  stations  14  to  17+50. 

These  priorities  are  assigned  for  the  phased  episodes.  The  goal 
is  to  collect  a minimum  volume  of  sand  and  to  create  as  large  a 
trap  as  possible  to  depths  specified  for  each  priority  area. 
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TO  MEAN  LOWER  LOW  WATER 


Figure  D4:  Recommended  Dredging  Boundaries  and  Procedures 
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D.44  Disposal.  The  disposal  areas  and  procedures  outlined  In 
paragraphs  D.25  through  D.28  are  recommended. 

D.45  Stand-by  Time.  Inclusion  of  an  item  for  stand-by  time  as 
described  in  paragraph  D. 24  could  result  in  a contract  more  fair 
and  reasonable  to  both  the  dredgerman  and  Government. 

| 

D.46  Method  of  Payment.  The  standard  pre-dredging  and  post- 
dredging survey  procedures  are  not  satisfactory  for  this  type  of 
phased  dredging.  The  method  used  in  the  1977-1978  dredging  in 
which  the  inspector  takes  soundings  from  the  dredge  should  be 
continued.  This  assures  the  dredgerman  that  he  will  be  paid  for 
material  removed,  even  in  the  event  a storm  suddenly  causes  a 
suspension  of  the  operation.  Another  possibility  would  be  to 

I include  a bid  item  establishing  an  hourly  rate  for  dredging 

during  times  when  quantity  measurement  is  not  practical.  This 
would  give  the  contracting  officer  the  option  of  removing  shoal 
material  immediately  after  a shoal  is  formed  without  having  to 
wait  for  a pre-dredging  survey.  This  hourly  rate  could  apply  to 
dredging  in  priority  « ea  2 where  sand  may  enter  the  trap  as  fast 
as  it  is  removed.  This  item  should  receive  only  minor  considera- 
tion in  bid  selection,  but  it  would  provide  a method  of  achieving 
more  efficient  use  of  the  dredge  and  its  crew.  It  could  result 
in  a much  greater  number  of  days  that  the  channel  would  remain 
open. 

I 1 
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D.47  Schedule.  The  dredge  should  be  mobilized  by  November  15, 

and  the  first  phase  should  be  implemented  when  the  depth  becomes 

less  than  10  feet  as  specified  in  the  original  plan.  Also,  the 

estimated  taking  yardage  in  the  bid  document  should  be  a minimum 

of  30,000  cubic  yards  with  an  additive  option  of  20,000  cubic 

yards.  A bid  document  similar  to  table  D3  with  the  addition  of 

an  hourly  rate  should  be  adopted. 

D.48  It  should  be  noted  that  if  the  dredging  boundaries  are 
reduced  and  priorities  are  changed  from  those  shown  in  figure  D5, 
smaller  quantities  of  material  will  be  dredged.  This  reduces  the 
trap  size  and,  consequently,  increases  the  number  of  phases 
required.  It  also  reduces  the  length  of  time  the  harbor  will 
remain  open. 
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SECTION  E 


FEASIBILITY  OF  MITIGATING  SHOALING  EFFECTS 

INTRODUCTION 


E.l  Formulation  and  Evaluation  Criteria.  The  primary  objective 
in  formulating  and  evaluating  solutions  was  to  keep  the  channel 
open  to  navigation  at  the  least  cost,  while  minimizing  adverse 
effects  and  maximizing  beneficial  effects.  In  the  littoral 
processes  study  estimated  the  rate  of  littoral  transport  was 
estimated  and  the  shoaling  mechanisms  that  had  occurred  in 
previous  years  under  dredging  practices  in  effect  at  the  time 
were  explained.  Changing  dredging  procedures  or  altering  the 
littoral  regime  by  modifying  the  harbor  protective  works  may 
substantially  alter  the  quantity  of  material  that  would  shoal  in 
the  channel.  Therefore,  each  alternative  was  evaluated  in  light 
of  how  it  could  alter  the  shoaling  processes  and  thereby  affect 
the  navigability  of  the  channel. 

E.  2 The  primary  evaluation  criterion  was  cost-effectiveness, 
which  relates  first  costs  and  annual  costs,  including  interest, 
amortization,  maintenance,  and  operations  costs,  to  the  effective 
ness  of  the  system  in  maintaining  the  navigability  of  the  channel 
Consideration  was  also  given  to  the  needs  of  the  commercial 
fishermen,  who  require  a navigable  channel  by  April  15  for 
salmon  season.  Effectiveness  incorporates  consideration  of  the 
number  of  days  the  harbor  remains  open  to  navigation,  which  is 
different  for  each  alternative  because  the  alternatives  function 
on  different  principles. 

F. .3  Each  alternative  has  potential  environmental  and  social 
impacts.  The  primary  impacts  of  each  alternative  on  water 
quality,  habitat,  noise  levels,  and  aesthetics  were  considered. 
The  primary  social  considerations  included  obtaining  easements, 
acceptability  to  the  community,  safety,  and  preservation  of 
updrift  and  downdrift  beaches.  A secondary,  but  important, 
beneficial  impact  was  the  potential  for  improvement  of  the 
navigation  channel  either  by  providing  additional  protection  to 
the  entrance  channel  or  by  quieting  the  harbor  basin. 
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E.4  In  evaluating  plans,  consideration  should  be  given  to  plan- 
effectiveness,  which  is  the  ability  of  a system  to  do  a task  as 
anticipated.  All  of  the  proposed  alternative  should  be  engineer- 
ingly  feasible;  however,  certain  risks  that  could  render  the 
program  ineffective  are  inherent  in  each.  Aside  from  the  ability 
of  the  program  to  meet  the  primary  objective  of  keeping  the 
channel  open,  two  basic  determinants  of  its  effectiveness  are 
reliability  and  certainty.  Reliability  relates  to  the  degree  of 
success  the  system  has  experienced  in  the  past.  It  assesses  the 
susceptibility  of  the  system  to  mechanical  breakdown,  strikes, 
delays  in  funding,  etc.  Certainty  relates  to  the  probability  of 
success  of  a system  assuming  that  the  equipment  is  reliable.  In 
evaluating  certainty,  it  is  assumed  that  the  solution  operates 
reliably,  but  consideration  is  given  to  the  possibility  that  the 
littoral  processes  have  not  been  defined  accurately  or  that 
there  is  a large  annual  variation  in  littoral  transport  rates. 

An  alternative  whose  effectiveness  is  independent  of  the  littoral 
processes  responsible  for  shoaling  the  harbor  has  a high  certainty. 
One  which  is  highly  dependent  on  the  presumed  mechanism  of 
shoaling  has  a low  certainty. 

E.5  Alternatives.  Alternatives  were  classified  into  three 
categories:  maintenance,  bypassing,  and  structural.  Mainte- 
nance pertains  to  the  removal  of  material  from  the  project 
channel  and  disposal  of  the  material  on  the  downdrift  beach. 
Bypassing  is  a maintenance  preventive,  wherein  sand  is  trapped 
or  intercepted  outside  of  the  project  channel  and  transported  to 
the  downdrift  beach.  A structural  alternative  either  provides 
protection  for  a dredge  or  prevents  material  from  entering  the 
harbor.  Structural  solutions  must  be  supplemented  by  some  form 
of  maintenance  or  bypassing.  Several  combinations  of  structural, 
maintenance,  and  bypassing  systems  are  possible.  The  most 
effective  combinations  are  presented  and  evaluated.  Sixteen 
alternative  solutions  are  listed  in  table  El.  These  alterna- 
tives were  developed  from  analysis  of  the  shoaling  process  and 
from  evaluation  of  many  possible  solutions  to  the  Santa  Cruz 
problem. 

E.6  Disposal  Sites.  Most  of  the  alternative  solutions  have  two 
features  in  common:  (1)  sand  must  be  removed,  and  (2)  it  must 
be  transported  elsewhere.  Descriptions  of  the  alternatives 
include  the  methods  of  removal  and  quantities  involved.  A 
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TABLE  El 


ALTERNATIVE  SOLUTIONS 

I 

Maintenance 

1 . Annual  Dredging  - Floating  Plant 

2.  Phased  Dredging  - Floating  Plant 

3.  Hopper  Dredge  - "Currituck" 

4.  Mechanical  Dredging  Systems 

5.  Fixed  Hydraulic  System  - Eductor 

6.  Fixed  Hydraulic  System  - Zipper 

Bypassing 

7.  Fixed  Hydraulic  System  - Eductor 

8.  Mobile  Hydraulic  System  - Eductor 

9.  Fixed  Hydraulic  System  - Zipper 

10.  San  Lorenzo  River  Sediment  Trap 

Structural 

i 

11.  Long  Offshore  Breakwater  - Annual  Dredging 

12.  Short  Offshore  Breakwater  - Continuous  Bypassing 

13.  Extend  West  Jetty 

14.  Modify  Both  Jetties  or  Construct  a New  Entrance 

15.  Weir  Jetty  or  Groin  - Continuous  Bypassing 

16.  Enhance  Ebb  Currents 
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common  disposal  site  is  used  for  most  of  the  alternatives.  In 
order  to  reduce  erosion  of  downdrift  beaches,  the  disposal  site 
must  be  in  the  downdrift  littoral  zone,  not  in  the  offshore 
area.  Black  Point  is  a headland  3,000  feet  downdrift  of  the 
harbor.  Passing  a discharge  line  around  or  over  this  headland 
would  be  major  engineering  task.  Therefore,  the  primary  disposal 
site  is  limited  to  the  reach  between  the  east  jetty  and  Black 
Point.  In  past  dredging  episodes,  material  has  been  discharged 
approximately  1,000  feet  downdrift  of  the  east  jetty.  The 
interim  dredging  plan  recommended  disposal  of  the  dredged  material 
as  close  to  Black  Point  as  possible.  The  farther  the  sand  is 
placed  from  the  channel,  the  less  it  is  apt  to  re-enter  the 
channel.  Two  features  prevented  adequate  discharge  line  extension 
during  the  first  year  of  the  two-year  interim  dredging  contract. 
First,  easements  could  not  be  obtained  to  extend  the  line  more 
than  1,500  feet  downdrift  of  the  east  jetty.  Second,  a series 
of  severe  storms  concurrent  with  periods  of  high  astronomical 
tides  eroded  the  beach  berm  in  December,  1977,  eliminating  the 
original  discharge  pipeline  route. 

F..7  The  following  disposal  plan  is  recommended  for  most  alterna- 
tives. The  primary  disposal  site  is  2,500  to  3,000  feet  downdrift 
of  the  east  jetty  on  the  beach  near  Black  Point  as  shown  in 
figure  El.  Disposal  of  material  at  this  location  increases  the 
potential  for  waves  to  naturally  bypass  sand  around  the  headland 
because  the  sand  is  at  the  downdrift  end  of  the  littoral  cell. 

The  discharge  line  should  be  buried  approximately  two  to  three 
feet  below  the  beach  for  aesthetics  and  safety,  as  well  as  for 
protection  of  the  pipe  from  unusually  high  wave  runup.  During 
the  winter  of  1977-1978,  the  beach  was  eroded  to  the  base  of  a 
reveted  bluff  located  about  two-thirds  of  the  distance  to  this 
disposal  site.  Therefore,  the  pipeline  would  either  have  to  be 
buried  in  hard  pan  for  about  500  feet  along  this  bluff  or  be 
subjected  to  occasional  wave  runup,  which  could  destroy  it. 

Also,  a discharge  line  must  be  rotated  periodically,  which  is  a 
difficult  chore  if  the  line  is  buried.  The  secondary  disposal 
site  is  1,000  feet  east  of  the  east  jetty  which  would  control 
beach  erosion  within  the  cell  during  severe  winter  storms  and 
provide  an  alternative  disposal  site  during  repairs.  Disposal 
of  sand  at  the  secondary  site  during  the  severe  winter  of  1977- 
1978  was  required  to  protect  the  hinterland  from  erosion. 
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Figure  El.  Disposal  Sites  and  Dredging  Boundaries  for  Alternatives  1 and  2 


E.8  The  location  of  the  primary  disposal  site,  near  Black 
Point,  reduces  the  probability  of  sand  returning  updrift  and 
having  to  be  rehandled.  Additional  disposal  sites  are  feasible 
for  certain  solutions  and  are  discussed  individually  in  the 
description  of  these  alternatives.  Whether  disposal  of  the 
material  is  1,000  or  3,000  feet  downdrift  of  the  east  jetty  is 
not  critical  to  the  feasibility  of  a solution  because  additional 


booster  pumps  would  not  be  required  for  pumping  the  material  an 
extra  2000  feet. 
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E.9  Alternative  1 - Annual  Dredging  - Floating  Plant.  Alterna- 
tive 1 involves  annual  dredging  of  the  entrance  channel,  which 
was  the  primary  maintenance  procedure  at  Santa  Cruz  until  1977- 
1978.  The  philosophy  has  been  to  mobilize  a dredge  in  the  late 
winter  or  early  spring  so  as  to  remove  the  material  from  shoals 
in  the  channel.  Periodic  dredging  is  the  typical  maintenance 
procedure  for  many  harbors  around  the  world;  however,  this 
method  has  not  been  successful  at  Santa  Cruz  Harbor  because  of 
its  small  capacity  for  storing  littoral  drift. 

E. 10  The  alternative  comprises  awarding  a contract  for  dredging 
early  in  the  calendar  year,  with  work  to  begin  in  mid-to-late 
March.  A 12-  to  18-inch  dredge  is  required,  based  on  experience 
at  Santa  Cruz.  Wave  conditions  during  this  period  require  that 
these  dredges  be  equipped  with  adequate  freeboard,  extra- 
strength ladder,  trunions,  and  swing  gear,  and  that  they  have 
the  ability  to  operate  from  wires  and  to  excavate  using  a straight 
suction  bell.  The  dredging  boundaries  are  shown  in  figure  El. 

The  acceptability  of  this  system  can  be  improved  over  past 
performances  by  optimizing  procedures.  The  preferred  procedure 
is  to  dredge  a small  pilot  channel  to  a ten-foot  depth  initially 
to  allow  boat  traffic  to  navigate  the  channel  by  April  15. 

Then,  over-depth  and  over-width  dredging  within  the  confines  of 
the  jetties  is  recommended  to  increase  storage  capacity  and 
thereby  to  extend  the  time  period  of  channel  navigability. 

Shoals  or  bars  that  accrete  outside  of  the  confines  of  the 
jetties  should  be  removed  as  the  last  operation,  when  the  waves 
are  calmer. 

E.ll  Based  on  experience  gained  in  previous  dredging  operations 
at  Santa  Cruz,  a bid  on  the  order  of  $150,000  for  mobilization 
and  $1.50  per  cubic  yard  of  excavation  could  be  expected  for 
this  work.  Previous  "pay  yardages"  have  been  for  100,000  cubic 
yards,  although  150,000  cubic  yards  have  been  estimated  to  shoal 
in  the  channel.  Therefore,  the  bid  at  this  price  is  assumed  to 
reflect  the  bidding  expertise  of  the  contractor.  No  first  costs 
are  associated  with  this  alternative;  annual  costs  are  given  in 
table  E2. 


TABLE  E2 


COST  ESTIMATE  - Alternative  //I 
Floating  Plant-Annual  Dredging 


February 

1978 

Costs 

Item 

Ouantity 

Unit 

Unit  Price 

Cost  Estimate 

1 

FIRST  COST  - NONE 

ANNUAL  COST 

Mobilization 

1 

LS 

$ 

150,000 

Dredging 
(Pay  Yards) 

100,000 

CY 

1.50 

$_ 

150,000 

TOTAL  ANNUAL  COST 

$ 

300,000 
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E.12  In  the  past,  periodic  maintenance  dredging  has  resulted 
in  long  periods  of  channel  closure  which  has  not  been  acceptable 
to  boaters  and  fishermen.  Under  this  alternative  however,  the 
floating  pipeline  in  the  channel  would  not  interfere  with 
navigation,  since  the  dredge  would  be  in  the  channel  for  a short 
time  and  only  when  the  channel  is  already  shoaled.  The  pipeline 
would  be  on  the  beach  only  during  non-peak  beach  use  in  winter. 
Benthic  organisms  in  the  channel  would  be  removed  and  organisms 
in  the  sand  at  the  disposal  site  would  be  covered  by  the  fill, 
but  this  has  been  ongoing  for  a number  of  years  and  is  not  known 
to  have  caused  any  major  environmental  problems  or  loss  of 
endangered  species.  Disposal  would  not  have  a significant 
effect  on  kelp  beds  offshore  because  the  dredging  season  would 
coincide  with  the  period  of  low  growth  rates  of  kelp.  This  plan 
minimizes  the  quantity  of  material  to  be  dredged  because  the 
shoal  that  forms  across  the  mouth  of  the  harbor  in  winter  would 
not  be  disturbed  and  natural  bypassing  would  not  be  reduced. 

E.13  Alternative  2 - Phased  Dredging  - Floating  Plant.  The 
philosophy  of  phased  dredging  is  to  maintain  the  entrance  channel 
for  a greater  length  of  time  each  year  by  removing  the  shoals 
periodically  during  the  year  rather  than  once  annually.  Section 
D describes  the  phased-dredging  plan  in  detail.  A phased  dredging 
contract  would  be  awarded  late  in  the  calendar  year  to  mobilize 
a dredge  onto  the  site  by  December.  The  dredge  would  be  activated 
several  times  between  December  and  April  at  times  when  the 
channel  has  shoaled  to  a minimum  depth  of  ten  feet.  A final 
dredging  episode  in  April  would  bring  the  channel  to  over-depth 
and  over-width  project  dimensions  to  create  as  large  a storage 
capacity  as  feasible  with  the  present  entrance  configuration  so 
as  to  maintain  the  channel  until  the  following  winter  season.  A 
12-inch  to  18-inch  dredge  would  be  used,  because  sea  conditions 
during  winter  dredging  would  be  more  severe  than  during  a one- 
time spring  dredging  plan.  Cost  estimates,  based  on  removing 
200,000  cubic  yards  per  year,  are  given  in  table  E3.  Dredging 
boundaries  are  shown  in  figure  El.  Care  must  be  taken  to  verify 
the  capability  of  the  dredge  to  work  in  sea  and  swell  conditions. 

A first  cost  item  is  also  provided  for  purchase  of  a dredge  to 
be  permanently  stationed  and  operated  at  Santa  Cruz  as  a sub- 
stitute for  contract  dredging. 
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TAHLF  FI 


COST  F.STIMATF.  - Alterntive  M 
Floating  Plant-Dredging  Program 
February  1978  Costs 


Item 

Ouant itv 

Unit 

Unit  Price 

Cost  F.stimate 

FIRST  COST  - NONF 

ANN0A1.  COST 

Mobil lzat ion 
(Dec.  15-Apr.  IS) 

1 

LS 

$ 

150,000 

I, ay  up 

2 

Months 

65,000 

$ 

130,000 

Dredg lng 

200,000 

CY 

1.50 

$ 

300,000 

TOTAL  ANNUAL  COST 

$ 

580,000 

NOTH: 

A dredge  could  bo  purchased  an'  operated  by 
The  Santa  Cruz  Harbor  Port  District.  The 
resulting  First  and  Annual  Cost  would  then  he  $700,000 
and  $584,000  respectively. 


1 
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E.14  T.ie  1977-1978  interim  dredging  program  used  the  phased 
dredging  program  and  has  revealed  several  problems,  as  discussed 
in  Section  D.  The  phased  system  proved  more  effective  than 
annual  dredging;  however,  dredging  episodes  could  not  be  initiated 
as  desired  because  of  severe  wave  conditions  that  delayed  pre- 
dredging surveys.  Pre-dredging  surveys  could  be  eliminated  by 
renting  the  dredge  on  an  hourly  basis  or  by  having  the  Port 
District  operate  its  own  dredge.  Alternative  2 has  the  advantage 
of  high  reliability  and  certainty.  The  dredging  methods  can  be 
refined  with  experience  to  reduce  costs  and  increase  harbor 
usage. 

E.15  Environmental  Impacts  of  Alternative  2 would  be  the  same 
as  those  of  the  one-time  dredging  method  described  for  Alternative 
1.  However,  because  the  dredge  would  be  in  operation  more  often 
in  periodic  dredgings,  the  impacts  would  occur  over  a longer 
time  span.  The  channel  would  be  usable  for  a greater  total 
length  of  time  each  year  than  it  would  under  Alternative  1.  The 
key  to  success  with  this  system  is  to  employ  a fully  competent 
contractor  who  has  proved  that  he  can  work  in  rough  sea  conditions 
and  to  use  an  inspector  who  understands  the  shoaling  process  and 
sea  conditions  at  Santa  Cruz.  Disposal  of  dredged  material 
would  be  spread-out  over  the  winter  season.  The  phased  dredging 
concept  more  closely  approximates  the  natural  littoral  transport 
regime  and  would  have  a greater  potential  for  stabilizing  downdrift 
beaches  and  mitigating  possible  damages  to  them.  A multi-year 
contract  could  reduce  costs.  If  a new  dredge  were  purchased,  it 
could  be  use  5 in  conjunction  with  other  projects  to  absorb  some 
of  the  costs  of  debt  retirement.  Several  years  of  multi-year 
contract  experience  should  be  obtained  prior  to  considering  the 
acquisition  of  a new  dredge  for  the  Port  District  to  operate. 

E.16  Alternative  3 - H^, per  Dredge  - The  "Currituck".  Many 
harbor  entrances  are  maintained  by  hopper  dredges.  The  principle 
of  operation  is  the  removal  of  material  by  a self-propelled 
suction  dredge  in  open  water.  The  hopper  dredge  has  the  capability 
of  working  in  rougher  seas  than  a pipeline  dredge.  It  is  possible 
that  a small  hopper  dredge  could  maintain  the  channel  at  Santa 
Cruz  and  do  minor  bypassing  from  areas  indicated  in  figure  E2. 
Cenerally,  hopper  dredges  discharge  their  hoppers  in  deep  water; 
however,  the  Wilmington  District  of  the  U.S.  Corps  of  Engineers 
has  developed  a split-hull  hopper  dredge,  the  "Currituck",  that 
has  the  capability  of  depositing  its  dredged  material  in  the 
nearshore  zone. 
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Figure  E2.  Disposal  Sites  and  Dredging  Areas  for  Alternative 


E.17  The  agitation  dredge  works  on  another  principle,  and  has 
been  used  successfully  in  special  cases  where  fine  material  and 
moderate  currents  are  found.  The  material  is  agitated  by 
propeller  wash,  with  or  without  a deflector,  and  currents  are 
relied  upon  to  remove  the  material.  The  characteristics  of 
some  recent  hopper  dredges  and  agitation  dredges  are  given  in 
table  E4. 


E.18  The  two  large  conventional  seagoing  hopper  dredges  on 
the  west  coast  whose  characteristics  are  given  in  table  E4,  the 
"Pacific"  and  its  planned  replacement  referred  to  as  the  "New 
Dredge",  are  too  large  to  work  Santa  Cruz  Harbor  efficiently. 
The  narrow  channel  severely  restricts  the  maneuverability  of  a 
large  dredge.  Although  the  new  dredge  would  be  equipped  with  a 
bow  thruster,  allowing  it  to  turn  virtually  within  its  own 
length,  the  only  turning  area  available  would  be  inside  the 
jetties  in  the  existing  basin.  The  channel  is  only  100  feet 
wide,  with  less  than  160  feet  between  the  two  jetties  at  the 
entrance.  It  would  be  extremely  hazardous  to  maneuver  either 
of  the  two  large  dredges  in  this  confined  opening  on  other  than 
a calm  day  with  no  wind.  The  New  Dredge  is  designed  for  use  at 
a harbor  on  the  Chetco  River  at  Brookings,  Oregon,  where  the 
jetties  are  about  200  feet  apart  and  a 250-foot  wide  turning 
basin  is  provided  at  the  inner  end  of  the  channel. 

E.19  The  dredge  "Currituck",  with  its  140-foot  length  and  32- 
foot  beam  is  probably  the  largest  that  can  be  used  in  the  Santa 
Cruz  Harbor  channel.  It  would  be  restrained  from  working 
either  in  the  dark  or  when  combined  sea  and  swell  heights 
exceeded  4 feet.  Operations  would  be  limited  in  January  and 
February;  however,  considerable  work  could  be  accomplished  from 
October  to  December  and  from  March  to  April.  The  "Currituck" 
is  basically  a split-hull  barge  equipped  with  twin  engines, 
pumps,  and  drag  arms  designed  for  self-loading.  However,  it 
can  be  loaded  by  another  dredge.  The  split-hull  feature  makes 
it  possible  to  bottom-dump  in  shallow  water  by  beaching  the  bow 
of  the  vessel,  splitting  the  hull  into  the  open  position,  and 
backing-off  as  the  material  is  discharged.  This  allows  the 
dredge  to  deposit  material  in  shallow  water  near  the  beach 
where  it  can  be  moved  by  littoral  forces  as  opposed  to  deep- 
water dumping. 

E.20  The  "Currituck"  was  constructed  in  1975  at  a cost  of 
about  $600,000.  Its  present  rental  rate  is  $1200  per  day  for 
300  days  of  work  per  year.  Production  from  the  dredge  is 


TABLE  E4 


CHARACTERISTICS  OF  SOME  RECENT  HOPPER  AND  AGITATION  DREDGES 


"SANDWICK" 

"PACIFIC" 

"NEW  DREDGE" 

"CURRITUCK1 

Type 

Agitation 

Hopper 

Hopper 

Hopper 

Length  (ft) 

74 

185 

200 

140 

Beam  (ft) 

21 

38 

45 

32 

Draft  (ft) 

5 

9 

8 

4 

Light 

- 

11.5 

12 

8 

Hopper 

Capacity  (cy) 

500 

800 

300 

TABLE  E5 

PRODUCTION  RATES  OF  THE  "CURRITUCK" 


Cubic 

Yards 


November: 

95% 

X 

4 

weeks 

X 

10,000 

« 

38,000 

December: 

85% 

X 

4 

weeks 

X 

10,000 

= 

34,000 

January: 

80% 

X 

4 

weeks 

X 

10,000 

s 

32,000 

February: 

55% 

X 

4 

weeks 

X 

10,000 

s 

22,000 

March: 

80% 

X 

4 

weeks 

X 

10,000 

« 

32,000 

April : 

85% 

X 

4 

weeks 

X 

10,000 

- 

34 , 000 

Total  During  Winter  192,000 
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approximately  2000  cubic  yards  per  day,  or  10,000  cubic  yards 
per  week  based  on  a 10-hour  work  day  and  a 5-day  week.  Rough 
weather  would  necessitate  suspension  of  its  operation.  Assuming 
the  dredge  would  only  work  when  combined  sea  and  swell  height 
are  less  than  4 feet,  work  times  and  production  would  be  as 
given  in  table  E5.  The  pumping  rate  is  less  than  the  4000 
cubic  yards  per  day  specified  for  the  interim  dredging  program. 

E.21  Assuming  that  the  "Currituck"  could  be  used  on  other 
projects  during  the  year  at  other  locations  and  that  the  rental 
rate  is  $36,000  per  month,  dredging  costs  would  be  $1.20  per 
cubic  yard.  Cost  estimates  based  on  dredging  200,000  cubic 
yards  a year  and  a 10-year  life  are  given  in  table  E6. 

E.22  This  system  has  been  undergoing  tests  on  the  east  coast 
in  the  Atlantic  by  the  Corps  of  Engineers.  Although  test 
results  have  been  encouraging,  the  question  remains  as  to 
whether  the  system  would  be  effective  at  Santa  Cruz.  The 
channel  is  narrow  and  the  wave  climate  is  rough,  with  high 
waves  and  winds  occurring  during  the  periods  when  the  dredge  is 
needed  the  most.  A major  disadvantage  of  this  sytem  is  the 
possibility  of  a severe  winter  storm  closing  the  harbor  thereby 
landlocking  the  dredge,  which  requires  a seven-foot  depth  for 
operation.  A pump-out  system  perhaps  could  be  devised;  however, 
this  would  increase  costs  and  its  feasability  has  not  been 
explored. 

E.23  The  system  has  a distinct  advantage  of  being  capable  of 
bypassing  material  farther  downdrift  past  Black  Point  if  required, 
without  the  necessity  of  placing  an  unsightly  pipeline  on  the 
beach.  However,  nearshore  wave  action  may  force  the  dredge  to 
deposit  the  material  farther  offshore  than  desired.  This  sytem 
has  potential,  but  several  unknowns  and  possible  modes  of 
failure  suggest  a low  reliability. 

E.24  The  environmental  impacts  of  the  hopper-dredging  alterna- 
tive are  modest.  Material  would  be  placed  in  the  littoral  zone 
which  would  cause  temporary  turbidity  and  discoloration  of  the 
water  and  cover  benthic  organisms.  However,  this  is  a zone 
where  continual  sand  movement  is  taking  place  under  natural 
conditions.  The  dredging  equipment  would  be  in  the  channel 
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TABLE  E6 


COST  ESTIMATE  - Alternative  //3 
Hopper  Dredge 
February  1978  Costs 


I 


1 


Item  Ouantity  Unit 

Unit  Price 

Cost  Estimate 

FIRST  COST 

Construction 

Cost-Based  on 

Cost  of  "Curri- 
tuck" 

LS 

$1 

,500,000 

Contingencies 

(157) 

$ 

225,000 

Subtotal 

$1 

,725,000 

Engineering  & 

Design  (10%) 

Supervision  & 

$ 

172,000 

Admin.  (7%) 

$_ 

121,000 

TOTAL  FIRST  COST 

$2 

,018,000 

ANNUAL  COST 

Personnel 

(Nov. -Apr.) 

$ 

118,000 

Fuel  & Oil 

$ 

15,000 

Maintenance 

s 

75,000 

Support  Personnel 

& Misc. 

$ 

50,000 

Interest  (6-5/87.) 

$ 

134,000 

Amortization  (20  Yr.) 

$ 

52,000 

TOTAL  ANNUAL  COST 

$ 

444,000 

I 
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much  of  the  winter,  but  the  dredge  does  not  connect  to  a pipeline 
and  has  maneuverability  to  avoid  other  traffic  using  the  channel. 


E.25  The  other  sea-going  dredge  selected  for  analysis  is  the 
"Sandwick",  owned  and  operated  by  the  Portland  District  of  the 
Corps  of  Engineers.  This  vessel  is  a converted  Navy  LCM  which 
has  a deflector  mounted  on  the  stern.  The  vessel  is  anchored 
in  place  and  the  deflector  is  lowered.  The  throttles  are  then 
opened  and  the  resulting  propeller  wash  is  directed  towards  the 
shoal.  This  agitation  dredging  method  is  particularly  effective 
with  fine  sand  and  silty  material  when  strong  river  or  tidal 
currents  are  present.  The  dredge  is  capable  of  displacing  200 
to  500  cubic  yards  per  hour  and  moving  it  several  hundred  feet 
at  costs  generally  under  $1.00  per  yard.  However,  Santa  Cruz 
does  not  have  fine  material  or  an  adequate  current  to  carry  the 
dislodged  material  out  of  the  channel.  Therefore,  agitation 
dredging  was  not  considered  to  be  engineeringly  feasible  for 
this  project. 

E.26  Environmental  impacts  of  using  the  "Sandwick"  primarily 
relate  to  the  turbidity  caused  by  the  dredge  when  it  dislodges 
the  material.  However,  because  the  material  is  sand  with  few 
fines,  this  impact  should  be  neither  long  lasting  nor  serious. 
Anchoring  the  dredge  in  the  channel  would  cause  some  hazard  to 
navigation,  but  if  the  anchors  were  judiciously  placed,  this 
should  not  be  any  greater  problem  than  that  created  by  pipeline 
dredging. 

E.27  Alternative  4 - Mechanical  - Shore-Based  Drag line /Crane. 
Mechanical  systems  comprise  operating  a dragline,  a crane  with 
a clamshell  bucket,  or  a Sauerman  system  from  either  or  both 
jetties.  Excavation  by  dragline  or  crane  is  a common  earth- 
moving  procedure  that  need  not  be  described  in  detail.  In 
principle,  a Sauerman  bottomless  bucket  is  pulled  back  and 
forth  over  the  borrow  area  by  a system  of  winches,  fairleads 
and  sheaves  on  a head  tower  or  crane  on  the  near  side  and  on  a 
deadman,  such  as  a tail  tower,  anchor  barge,  dolphin  system  on 
the  far  side.  When  pulled,  the  bucket  excavates  its  load  and 
drags  it  to  the  stockpile  area.  When  dragged  back  to  the  far 
side,  only  the  bucket  moves,  leaving  its  last  load  on  the 
stockpile.  The  direction  can  easily  be  reversed  to  move  the 
material  to  the  far  side  by  simply  reversing  the  attachments  to 
the  bucket.  The  Sauerman  system  extends  the  reach  of  the 
dragline  or  crane. 


F..28  The  Sauerman  principle  could  be  applied  at  Santa  Cruz  in 
several  ways;  two  ways  are  shown  in  figure  E3.  A pair  of  dolphins 
or  an  anchored  barge  would  have  to  be  stationed  offshore  to  act 
as  a deadman.  Assuming  an  average  pull  length  of  800  feet  with 
a 10-cubic  yard  bucket  operating  ten  hours  per  day  at  40-percent 
bucket  efficiency  in  mild  waves,  the  rated  daily  capacity  is  640 
cubic  yards.  This  system  has  been  used  successfully  in  slack  or 
protected  water;  however,  the  system  is  essentially  unproven  for 
work  in  the  surf  zone.  The  impact  of  the  wave  energy  and  long- 
shore currents  on  the  bucket  would  be  severe  and  could  make  it 
impossible  to  dredge  except  during  low-wave  episodes.  Even  if 
the  system  were  feasible  and  could  be  proven  to  operate  at  Santa 
Cruz,  the  material  would  have  to  be  rehandled  at  the  inshore 
end.  A fixed  or  floating  dredge,  or  truck  haul,  would  be  required 
to  transport  the  material  across  the  channel  and  down  the  beach. 
Reversing  the  attachments  for  disposal  on  the  offshore  stroke 
could  pose  a potential  navigation  problem  by  creating  a dangerous 
shoal.  Because  of  the  unproven  nature  of  the  equipment,  the 
fact  that  the  material  would  have  to  be  rehandled,  and  the 
hazards  to  navigation,  it  was  concluded  that  this  system  did  not 
have  sufficient  viability  to  warrant  making  detailed  cost  estimates. 

E.29  Another  mechanical  dredging  system  analyzed  was  a crane- 
mounted  clamshell  or  a dragline  working  from  the  head  of  the 
east  or  west  jetties,  or  from  both,  as  shown  in  figure  E4. 

While  equipment  is  manufactured  that  could  swing  a dragline 
bucket  far  enough  to  cover  nearly  all  shoal  areas  in  the  project 
channel,  this  equipment  is  very  specialized  and  probably  would 
not  be  available  for  working  intermittently  during  the  year.  An 
alternative  solution  would  be  to  build  a trestle  extending  from 
the  jetty  which  would  allow  a smaller  dragline  to  reach  the 
channel.  Another  alternative  would  be  to  mount  the  dragline  on 
the  east  jetty  and  have  a truck-mounted,  single-drum  winch  on 
the  west  jetty.  The  truck-mounted  winch  would  manipulate  a tail 
line  to  haul  the  dragline  bucket  beyond  the  radius  of  the  boom. 

In  this  manner  nearly  all  of  the  channel  areas  subject  to  severe 
shoaling  could  be  reached  by  the  dragline  bucket.  The  largest 
feasible  capacity  for  this  type  of  operation,  assuming  a 4 cubic 
yard,  60-percent-full  bucket,  and  a one-minute  digging  cycle, 
would  result  in  production  of  150  cubic  yards  per  hours.  The 
production  rate  for  a 10-hour  day,  with  20  percent  down-time, 
would  be  1 ,2nnn  cubic  vards  per  day.  Cost  estimates  are  given 
in  table  E7 . 
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Figure  E3.  Mechanical  System  - Alternative  H - Sauerman  Principle 
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Figure  E4.  Mechanical  System  - Alternative  4 - Crane-mounted  Clamshell/Dragline 


TABLE  E7 


COST  ESTIMATE  - Alternative  04 
Dragline /Crane  Operation 
February  1978  Costs 


Item 

Quantity 

Unit  Unit  Price  Cost  Estimate 

FIRST  COST  - NONE 

ANNUAL  COST 

Rental  Cost 

Dragline  Crane 

4 CY  (Rental 

includes 

operator) 

10 

Hr. 

150.00 

$ 1,500 

10  CY.  Trucks 
(3) (Rental 
includes 
driver) 

30 

Hr. 

35.00 

$ 1,050 

Truck  Mounted 
Winch  (Rental 
includes 
operator) 

10 

Hr. 

30.00 

$ 300 

Foreman  or 
Supervisor 

10 

Hr. 

15.00 

$ 150 

Oiler 

10 

Hr. 

13.00 

$ 130 

DAILY  OPERATING 
COST  (10  Hr.  day) 

$ 3,130 

Cost  per  CY. 

$3, 130/Day /1200  CY./Day 

= $ 2. 61/CY. 

Dredging  Cost 

200,000 

CY.  x $2. 61/CY 

. = $522,000 

TOTAL  ANNUAL  COST 

$ 

522,  000 
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E.  30  The  dragline  and  cables  would  be  working  essentially 
across  the  channel.  This  would  hinder  navigation.  The  line 
could  be  dropped  to  allow  passage  of  individual  boats;  however, 
the  already  low  production  rates  would  decrease.  Trucking 
material  along  the  beach  to  the  disposal  area  would  be  both 
unsightly  and  dangerous.  The  area  along  the  east  jetty  and 
along  the  beach  would  have  the  appearance  of  a construction 
project  for  the  entire  time  that  work  was  underway.  This  would 
be  incompatible  with  the  level  of  recreational  use  during  good- 
weather  periods. 

E. 31  The  system  has  several  other  drawbacks.  Production  of 

1,200  cubic  yards  per  day  would  probably  not  keep  pace  with  the 
rapid  shoaling  during  storms.  A long  period  of  time  would 
elapse  after  a storm  before  the  channel  could  be  restored  to 
project  dimensions.  This  system  has  a low  degree  of  reliability 
working  in  breaking  waves.  The  lateral  force  of  the  breaking 
waves  against  the  bucket  could  result  either  in  partial  bucket 
loads  or  a cessation  of  work. 

F. .32  Alternative  5 - Fixed  Hydraulic  System  - Eductor.  An 

eductor  or  jet  pump  system  is  a recent  development  in  sand  by- 
passing methods.  Clear,  high-pressure  water  is  pumped  to  a 
nozzle  which  converts  it  into  a high-velocity,  low-pressure  jet 
stream.  The  suction  created  by  the  partial  vacuum  induced  by 
the  jet  entrains  sand,  which  is  mixed  with  the  water  jet  and 
discharged  through  a pipeline.  The  sand  and  water  mixture  is 
then  pumped  to  the  downdrift  beach,  aided  by  a booster  pump. 

The  basic  principle  of  operation  has  been  to  lower  an  eductor 
into  the  sand  and  allow  the  eductor  to  excavate  a crater.  Wave 
action  and  currents  theoretically  feed  the  crater.  This  system 
has  been  used  experimentally  at  Mexico  Beach,  Florida,  Rudee 
Tnlet,  Virginia,  and  at  Santa  Cruz  by  WES  as  described  in 
Section  C. 


F..33  The  experimental  system  was  not  designed  to  maintain,  nor 
has  it  maintained,  the  Santa  Cruz  channel.  Figure  E5  shows  a 
possible  application  of  the  eductor  system  at  Santa  Cruz  designed 
to  maintain  the  channel.  The  principle  is  to  install  ten  eductors 
at  60-foot  spacings  in  the  project  channel  at  a 37-foot  depth. 
Operation  of  one  eductor  at  a time  would  create  a line  of  over- 
lapping craters  to  maintain  project  dimensions.  A pump  house 
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would  have  to  he  built  at  the  head  of  the  east  jetty.  WKS 
personnel  Indicate  that  the  pumps  presently  used  In  the  experi- 
mental operation  are  not  large  enough  and  that  beach  losses 
increase  rapidly  with  distance  from  the  eductor  to  the  pump.  A 
new  system  should  be  designed  Increasing  the  centrifugal  pump 
horsepower  from  100  to  700  and  increasing  the  Jet  pump  dimensions 
from  a A"  x A"  x 6"  st/.o  to  a b"  x 6"  x 8"  sir.e.  Optional 
eductors  placed  in  the  bar  off  the  head  of  the  west  lefty  could 
remove  the  shoal,  which  would  decrease  wave  breaking  in  the 
channel  and  create  more  storage  in  the  event  of  a system  failure. 

E. 1A  This  system  has  two  distinct  advantages  over  a floating 

plant.  Annual  mobilization  costs  are  eliminated  and  the  system  can 
work  in  any  kind  of  wave  action.  Assuming  that  the  eductors  do 
not  become  clogged  with  gravel  or  debris,  the  maintenance  yardages 
will  be  larger  than  with  the  other  systems  because  the  natural 
bypassing  will  be  reduced  by  the  elimination  of  the  offshore  bar 
fronting  the  harbor.  Natural  bypassing  could  be  facilitated  to 

a certain  degree  by  leaving  a small  bar  across  the  channel 
during  the  winter.  Table  F.8  is  a cost  estimate  based  on  pumping 
2 SO, 000  cubic  yards  per  year.  The  channel  should  be  maintained 
open  except  for  a total  of  about  1 1 days  each  winter  when  severe 
storms  transport  sand  at  greater  rates  than  the  system  can 
hand  1 e . 

F. .1S  Experience  gained  from  the  WKS  experiment  revealed  some 

del  ic lone  tea  in  the  system.  The  eductors  used  by  WKS  could  not 
be  lowered  deeply  enough  into  the  sand  to  create  a large  enough 
crater  because  of  a hard  pan  subsurface.  Figure  Kb  shows  the 
depth  to  hard  pan  in  the  channel  to  be  greater  than  A0  feet.  In 
the  WKS  operation,  the  mobile  eductors  could  not  be  repositioned 
In  wave  action.  The  proposed  system  has  fixed  eductors,  but 
experience  shows  that  fixed  eductors  tend  to  become  clogged  by 
debris  and  rocks  which  accumulate  around  the  intake.  The  remedy 
is  to  he  able  to  move  the  eductor.  Therefore,  the  system  has 
low  reliability.  It  has  a medium  degree  of  certainty  because  it 
removes  sand  from  the  channel  independently  of  the  littoral 
process,  hut  sand  can  enter  areas  of  the  channel  where  there  are 
no  eductors.  Either  another  maintenance  system  or  a mobile 
eductor  would  have  to  be  employed  to  remove  material  shoaled  in 
other  areas  of  the  channel.  This  svstom  has  minimal  environmental 
and  social  impacts  and  Is  not  a hindrance  to  navigation.  This 
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COST  ESTIMATE  - Alternative  #5 
Eductor-Channei  Maintenance 
February  1978  Costs 

Item  Quantity  Unit  Unit  Price  Cost  Estimate 

FIRST  COST 
Pumphouse 


Cap  Stone 


Removal 

$ 

9,200 

Bed  Grout 

$ 

50,750 

Concrete 

$ 

51,500 

Roof 

$_ 

20,000 

Subtotal 

$ 

131,500 

Clear  Water  Intake 

Intake  Structure 

$ 

15,000 

Buried  Pipe 

$ 

4,500 

Riser  Section 

$ 

4,000 

Top  of  BW  Run 

1 

38,500 

Subtotal 

$ 

62,000 

Pumping  Equipment 

$ 

100,000 

Jet  Pumps 

10 

EA 

2,000 

$ 

20,000 

Installation 

$ 

25,000 

i 

Misc.  Piping 

$ 

50,000 

] 

Connect  Power 

1 

45,000 

Subtotal 

$ 

240,000 
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TAB1.F.  EH  (Continued) 


Item  Ouantity 

Unit  Unit  Price 

Cost  Estimate 

Injection  6 

Return  Lines  7,000 

LF  50 

$ 

350,000 

Trenching  & 

Connections 

$ 

100,000 

Shore  Discharge 

Line  2,500 

LF  50 

$ 

125,000 

Trenching  & 

Anchors 

$_ 

50,000 

Subtotal 

$ 

625,000 

Construction 

Contingencies  (25%) 

$ 

264 , 000 

Subtotal 

$1, 

,322,000 

Engineering  & 

Design  (10%) 

$ 

132,000 

Supervision  & 

Admin.  (7%) 

$ 

92 , 000 

TOTAL  FIRST  COST 

$1. 

546,000 

ANNUAL  COST 

Power 

(250,000  CY/400  CY/HR)  X 

1575  HP  X $0. 055/KW-HR 

$ 

54,000 

Maintenance 

$ 

50,000 

Pipe  Turning 

$ 

15,000 

Personnel 

$ 

50,000 

Interest  (6-5/8?) 

$ 

102,400 

Amortization  (10  yrs.) 

$_ 

114,000 

TOTAL  ANNUAL  COST 

$ 

385,000 

NOTE: 

Optional  Eductors  would  add  $135,000  to  the 
First  Cost  and  $19,000  to  the  Annual  Cost. 
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would  bo  the  Ideal  system  If  the  reliability  were  higher.  Care 
should  be  exercised  in  placing  the  eductors  to  ensure  that  the 
jetties  would  not  be  undermined. 

E . 36  Alternative  6 - Fixed  Hydraulic  System  - Zipper  System . 

The  Zipper  System  is  similar  to  the  eductor  system  in  that  it 
operates  on  a crater-sink  principle.  A manifold  pipe  is  buried 
in  the  sand  and  a centrifugal  pump  pulls  clear  water  through  the 
first  manifold  intake.  Sand  enters  the  intake  adjacent  to  the 
clear  water  intake  and  becomes  entrained  in  the  clear  water 
flow.  After  a crater  forms  off  the  first  intake,  sand  at  the 
remaining  intakes  becomes  entrained.  The  channel  may  be  main- 
tained by  installing  several  manifold  pipes  in  the  areas  desired 
to  be  maintained.  Tills  system  has  been  tested  and  operated  at  a 
power  plant  in  Rosarito  Beach,  Mexico,  to  maintain  a cooling 
water  Intake  channel.  This  system  was  installed  in  1168  and  has 
operated  intermittently  to  date.  The  primary  problem  encountered 
has  been  stones,  rubber  tires  and  seaweed  clogging  the  intakes. 
Clogging  problems  ’ ave  been  remedied  by  installing  high-pressure 
water  jets  which  clear  the  debris  from  the  intake  area. 

E.37  Figure  E7  shows  one  of  several  manifold  pipe  layouts  that 
could  be  employed  at  Santa  Cruz.  Three  150-foot  long,  20- inch 
diameter  pipes  with  10-inch  diameter  intake  holes  at  15-foot 
intervals  would  be  buried  three  to  five  feet  below  the  level  of 
the  intake  ports.  Wave-induced  forces  on  the  manifold  pipe 
would  be  mitigated  by  burying  it  deeply  and  using  riser  pipes 
for  ports.  A fourth  optional  pipe  could  be  installed  off  the 
west  jetty  to  remove  the  shoal  that  induces  waves  to  break  in 
the  channel.  A 750-horsepower  centrifugal  pump  would  be  located 
in  a pump  house  at  the  head  of  the  east  jetty.  A clear  water 
intake  line  would  be  installed  500  feet  up  the  channel.  The 
pumping  capacity  is  not  adequate  to  maintain  the  channel  during 
a severe  storm;  and,  giving  allowance  for  mechanical  breakdowns, 
the  system  is  assumed  to  maintain  the  channel  for  11-1/2  months 
out  of  each  year. 
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Figure  F7.  Zipper 


K.38  This  system  should  be  able  to  dredge  350  cubic  yards  per 
hour,  which  is  comparable  to  the  proposed  eductor  system.  The 
cost  estimate  in  table  F-9  is  based  on  dredging  250,000  cubic 
yards  per  year.  The  advantages  and  d lsadvantages  are  also  about 
the  same  as  for  the  eductor  except  that  the  Zipper  has  a longer 
experience  record  and  is  less  susceptible  to  intake  clogging. 
However,  the  entire  manifold  might  have  to  be  replaced  if  some- 
thing were  to  clog  it  whereas  only  one  eductor  might  have  to  be 
replaced.  Therefore,  the  system  is  rated  as  having  medium 
reliability  and  medium  certainty.  It  has  minimal  environmental 
and  social  impacts  and  does  not  hinder  navigation.  This  system 
would  be  ideal  if  it  had  greater  reliability  and  certainty 
because  it  can  operate  under  all  wave  conditions. 


COST  ESTIMATF  - Alternative  #6 


dipper  Channel  Maintenance 
February  1 7 8 Costa 

Item  Ouantity  Unit  Unit  Price  Cost  Fstimat 

FIRST  COST 


Pumphouse 


Cap  Stone 

Remova 1 

$ 

9,200 

Red  Grout 

$ 

SO, 7 SO 

Concrete 

$ 

si.soo 

Roo  f 

$_ 

20,000 

Subtotal 

$ 

131. 500 

Sand  Intake 

Lines  (3) 

Manifold  Line 
( 20"/) 

A SO 

IF 

200 

$ 

90,000 

Jet  System 

A SO 

I,F 

125 

$ 

56, 2 SO 

Slide  Valve 

3 

fa 

5,000 

s 

15,000 

Pipe  Runs  to 

Pump 

3 

FA 

7,000 

$ 

21,000 

Place  Pipe 

I. ines 

660 

l.F 

3S0 

$ 

231,000 

Subtotal 

$ 

A 1 3, 2 SO 

Water  Intake  Line 

$ 

62,000 

TABLE  F‘>  (font  inuod) 


1 1 cm 

Ouantity  On  it 

Unit  Price 

Cost  Fstim, 

Pumping  Equip- 
ment 

Pump  & Motors 

I.S 

$ 

50,000 

Connect  Power 

$ 

45,000 

C on  t ro 1 s 

$ 

100,000 

Misc.  Piping 

$_ 

60,000 

Sub tot a 1 

$ 

255,000 

Discharge  Line 

2 , 500  I.F 

50 

$ 

125,000 

Trenching  & 
Anchors 

I.S 

$ 

50,000 

Subtotal 

$ 

175,000 

Construction 

Cont ingencies 
(25T) 

$ 

259,000 

Subtotal 

si. 

296,000 

Engineering  6 
Design  (10T) 

$ 

130,000 

Supervision  & 
Admin.  (7T) 

$_ 

91 , 000 

TOTAL  FIRST  COST 

$1, 

517,000 

ANNUAL  COST 

Power 

(250,000  CY/350 

CY/HR)  X 750  HP  x 

$0. 055/KW-HR 

$ 

30,000 

Ma int  enance 

$ 

50,000 

Pipe  Tvirning 

$ 

15,000 

Personnel 

$ 

50,000 

Interest  (6-5/8T) 

$ 

100,000 
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Item  Ouantity  Unit  Unit  Price  Cost  Kstimate 


Amort irat ion 

(10  vrs. ) $ 112,000 

Royalty  250,000  CY  $0.20  $ 50,000 

TOTAI.  ANNUAL  COST  $ 407,000 

NOTE: 

Optional  Sand  Intake  Line  will  add  $229,000 
to  the  First  Cost  and  $32,000  to  the  Annual  Cost. 


BYPASS  INC  SYSTEMS 


E. 39  Ceneral . The  littoral  processes  study  indicated  that 

most  of  the  sand  enters  the  chanel  by  passing  around  the  head  of 
the  west  jetty  or  by  leaking  through  its  voids.  A typical 
solution  is  to  install  a fixed  bypassing  plant  on  the  updrift 

I beach  to  bypass  material  that  accumulates  in  a fillet  impounded 

by  the  updrift  Jetty.  This  was  the  apparent  Intent  of  the 
Authorizing  Document.  Three  schemes  presented  below  are  based 
on  installing  a permanent  plant  to  operate  from  the  west  Jetty. 

The  bypassing  plants  must  have  capability  to  pump  sand  at  a 
great  enough  rate  to  preclude  sand  from  bypassing  the  jetty  and, 
consequently,  shoaling  the  channel.  The  WES  eductor  experiment 
bypassed  sand  in  this  manner  in  1977.  Prior  to  the  severe 
winter,  its  result  was  a decrease  of  sand  entering  the  control 
area  used  for  volumetric  calculations.  The  first  storm,  however, 
erased  any  apparent  effects  of  this  effort.  The  separate  effects  of 
the  eductor  and  dredge  systems  could  not  be  assessed  properly 
for  lack  of  data  sufficiently  detailed  for  such  an  analysis  and 
because  of  the  severitv  of  the  winter. 

F.  . 4 0 Alternative  7 - Fixed  Hydraulic  System  - Eductor.  The 

major  disadvantage  of  existing  fixed  bypassing  plants  is  their 
Inability  to  reach  all  material  in  littoral  transport.  The 
plants  generally  have  booms  with  reaches  less  than  100  feet. 

These  plants  are  usually  located  on  short  jetties,  and  sand 
readily  bypasses  them  via  offshore  bars  and  ripeurrents.  Several 
techniques  including  installation  of  fluidizing  lines  or  draglines 
to  extend  the  reach  of  the  system  may  be  promising,  but  they 

have  not  been  proven  in  the  field.  Figure  F8  shows  a proposed 
bypassing  system  with  five  eductors  located  on  the  updrift  side 
of  the  west  jettv  to  create  a sand  trap.  The  west  beach  could 
be  controlled  bv  pumping  from  eductors  progressively  from  the 
offshore  unit  to  the  inshore  unit.  Waves  generating  longshore 
currents  would  transport  material  to  the  trap.  Eventually  the 
beach  would  recede  to  the  1965  position.  Severe  storms  would 
fill  the  fillet,  but  only  a fraction  of  the  volume  that  pre- 
sently moves  around  the  head  of  the  west  jetty  would  still 
bypass  that  structure.  The  cost  estimate  given  in  table  E10, 
is  based  on  using  the  same  basic  eductor  system  as  proposed 
for  the  eductor  maintenance  program.  A major  difference 
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ure  FB.  Fixed  tductor  Bypass 


TABLE  E10 


COST  ESTIMATE  - Alternative  //7 
Eductor  Bypassing  System 
February  1978  Costs 


Item 

Quantity 

Unit 

Unit  Price 

Cost  Estimate 

FIRST  COST 

Pumphouse 

Cap  Stone 
Removal 

$ 

9,200 

Bed  Grout 

$ 

50,750 

Concrete 

$ 

51 , 500 

Roof 

$_ 

20,000 

Subtotal 

$ 

131,500 

Water  Intake 

Line 

$ 

66,000 

Pumping  Equip- 
ment & Jets 

$ 

195,000 

Connect  Power 

$ 

45,000 

Injection  & 

Return  Lines 

3,400 

LF 

50 

$ 

170,000 

Trenching  & Mi sc. 
Connections 

$ 

100,000 

Flexible  Line 

1,000 

LF 

50 

$ 

50,000 

Floats 

10 

EA 

250 

$_ 

2,500 

Subtotal 

$ 

322,000 

Discharge  Line 

Top  of  BW  Run 

500 

LF 

50 

$ 

25,000 

Anchors  0 10' 

50 

EA 

350 

$ 

17,500 
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TABLE  E10  (Continued) 


< 


Item 

Quantity 

Unit 

Unit  Price 

Cost  Estimate 

Channel,  Crossing 

Riser  Sections 

2 

EA 

4,000 

$ 

8,000 

Pipe  10"(f»-Buy  & 
Place  & Bury 

350 

LF 

90 

$ 

31,500 

Shore  Run 

lO"0-Buy  & 

Place  & Trench 

2,000 

LF 

50 

$_ 

100,000 

Subtotal 

$ 

177,000 

Construction 
Contingency  (257) 

$ 

234,000 

Engineering  & 
Design  (107) 

$ 

117,000 

Supervision  & 
Admin.  (77) 

J_ 

82,000 

TOTAL  FIRST  COST 

$1, 

,370,000 

ANNUAL  COST 

Power 

(300,000  CY/400  CY/HR)  X 

1575  HP  X 

$0,055  KW-HR 

$ 

65,000 

Ma lntenance 

$ 

50,000 

Pipe  Turning 

$ 

20,000 

Personnel 

$ 

50,000 

Interest  (6-5/87) 

$ 

91,000 

Amort isat Ion 
(10  yrs.) 

$_ 

101,000 

TOTAL  ANNUAL  COST 

$ 

377,000 
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I between  the  bypassing  system  and  the  maintenance  system  is  that 

five  eductors  are  used  in  the  bypassing  program  versus  the  ten 
in  the  maintenance  program.  Some  sand  would  bypass  around  the 
head  of  the  jetty,  and  shoaling  due  to  other  littoral  processes, 
such  as  updrift  and  onshore  transport,  would  continue.  A portable 
eductor  for  removal  of  shoals  in  the  channel  is  included  in  the 
cost  estimate.  This  eductor  would  be  positioned  by  a small  boat 
during  periods  of  low-wave  action. 

E.41  This  system  is  rated  low  in  reliability  because  it  is  not 
proven.  Sand  can  enter  the  channel  from  sources  other  than  the 
eductor  area,  and  the  eductor  craters  provide  insufficient 
storage  to  preclude  shoaling  during  a severe  storm.  The  certainty 
is  low  because  the  solution  relies  heavily  on  the  hypothesis 
that  channel  shoaling  results  only  from  sand  bypassing  the  west 

S jetty  or  sand  leaking  through  the  voids  in  it.  Environmental  and 

social  effects  of  dredging  the  west  beach  back  approximately  300 
feet  would  be  objectional  to  many  persons. 

E.42  Alternative  8 - Mobile  Hydraulic  System  - Eductor.  The 
reach  of  a fixed  bypassing  plant  could  be  extended  by  using  a 
track-mounted  mobile  dredge  on  a trestle,  or  a truck-mounted 
crane  on  a jetty.  Figure  E9  shows  an  envelope  that  a series  of 
craters  could  create  by  suspending  an  eductor  from  a 100-foot 
long  boom  on  a truck-mounted  crane.  The  truck  would  operate  on 
the  cap  of  the  west  jetty.  Power  and  pumps  would  be  located  on 
a trailer  attached  to  the  mobile  crane.  The  discharge  line  and 
clear  water  intake  line  would  be  permanently  attached  to  a fixed 
manifold  which  would  be  located  on  the  west  jetty.  The  system 
would  operate  primarily  on  the  updrift  beach  as  a bypass  system. 
However,  by  swinging  the  boom  to  the  channel  side  of  the  jetty, 
the  shoulder  of  the  channel  could  be  dredged  and  maintained.  ' 
The  salient  fronting  the  west  jetty  dogleg  section  around  the 
head  could  also  be  dredged  during  calm  wave  conditions.  Main- 
tenance dredging  in  the  navigation  channel  to  maintain  the 
project  dimensions  could  be  performed  by  a float-mounted  eductor 
using  a floating  extension  of  the  suction  line.  Cost  estimates 
given  in  table  F.ll  are  based  on  the  assumption  that  250,000 
yards  of  material  would  be  bypassed  and  50,000  yards  of  material 
would  be  removed  by  maintenance  dredging. 

E.43  The  system  is  not  reliable  in  adverse  weather  conditions. 
High  winds  and  overtopping  waves  would  keep  the  crane  from 
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maximum  shoreline  recession 
SAN  LORENZO  RIVER  TO  BE  MAINTAINED  BY  BYPASSING 


E9.  Mobile  Eductor 


TABLE  F.ll 


COST  ESTIMATE  - Alterant ive  08 
Mobile  Eductor  Rypasssiug  System 
February  1978  Coats 


Item 

Quantity 

Unit 

Unit  Price 

Cost  Est imat 

FIRST  COST 

Water  Supply 

Intake  Structure 

1 

KA 

$ 

15,000 

Intake  Line 
Underwater, 
Buried 

50 

LF 

90 

$ 

A , 500 

Riser  Section 

1 

FA 

$ 

A,  000 

Run  i>n  B/W 

Buy  A Place 

Pipe 

800 

LF 

50 

$ 

A0, 000 

Anchors 

80 

FA 

350 

$ 

28,000 

Pickup  Flanges 

18 

KA 

250 

1 

A , 500 

Subtotal 

$ 

96 , 000 

Discharge  Line 

Run  On  B/W 

800 

LF 

A0 

$ 

32,000 

Run  Across 
Channel 

350 

LF 

90 

$ 

32,000 

Risers 

2 

FA 

A , 000 

$ 

8,000 

Anchors 

80 

FA 

350 

$ 

28,000 

Downcoast  Run 

2,000 

LF 

A0 

$ 

80,000 

Trenching 

2,000 

LF 

7 

1A.000 

Subtotal 

$ 

19A.000 

KAO 


TABLE  Ell  (Continued) 


Item  Quantity  Unit  Unit  Price  Cost  Estimate 


Mobile  Dr edge/ 
Pickup  Diesel 
Powered  Crane 

80  T Lima 

EA 

$ 

190,000 

Revamp 

$ 

80,000 

Pumps  & Eductor 

Buy  & Install. 
Allow 

$ 

80,000 

Pipeline  On 

Boom 

260 

LF 

$ 

15,000 

Trailer  Mount 
& Fuel  Tank 

$ 

75,000 

Floating  Extension 
Flexible  Line 
Floats 

500 

8 

LF 

EA 

50 

250 

$ 

$_ 

25,000 

2,000 

Subtotal 

$ 

467,000 

Contingencies 

(25%) 

$_ 

189,000 

Subtotal 

$ 

946,000 

Engineering  & 

Design  (10%) 

$ 

95,000 

Supervision  & 

Admin.  (7%) 

$_ 

66,000 

)TAL  FIRST  COST 

$1, 

107,000 
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TABLE  K1 l (Continued) 


Item  Ouantlty  Unit 

Unit  Price 

Cost  Estimate 

ANNUAL  COST 

Fuel- 

Bypassing 

(250,000  CY/200  CY/HR)  X 1000  HP  X 
X $0. 2 5 /CAL. 

1/8  CAL/HP-HR 

$ 

39,000 

Harbor  Malnt. 

(50,000  CY/100  CY/HR)  X 1000  HP  X 

X $0.2 5 /CAL. 

1/8  CAL/HP-HR 

$ 

16,000 

Pipe  Turning 

$ 

20,000 

Personnel 

$ 

90,000 

Maintenance 

$ 

30,000 

Interest  (6-5/8T) 

$ 

73,000 

Amortization 
(10  yrs.) 

$_ 

82,000 

TOTAL  ANNUAL  COST 

$ 

350,000 

operating  during  periods  when  It  Is  needed  the  most.  This  would 
necessitate  creation  of  a storage  area  by  cutting  the  west  beach 
back  by  overdredging,  which  is  environmentally  and  socially 
undesirable.  The  craters  on  the  beach  would  pose  a safety 
hazard  to  beach  users,  and  they  might  undermine  the  jetty.  The 
crane  on  the  west  jetty  would  be  aesthetically  displeasing  and 
noisy.  The  reliability  is  judged  medium  because  the  eductors 
are  portable,  facilitating  cleaning  debris  from  the  jets.  The 
system  is  also  considered  to  have  a medium  degree  of  certainty 
because  it  is  flexible  enough  to  remove  sand  either  from  shoals 
in  the  channel  or  near  the  east  jetty.  Because  of  the  inability 
of  the  system  to  work  during  severe  storms,  it  is  anticipated 
that  perhaps  as  much  as  one  month  of  channel  shoaling  could 
occur,  resulting  in  closure  of  the  harbor.  This  system  has  a 
very  distinct  advantage  in  that  its  components  are  salvageable 
and  could  be  re-used  in  a more  permanent  bypass  system. 

E.44  Alternative  9 - Fixed  Hydraulic  - Zipper.  The  Zipper 
system  proposed  as  a maintenance  alternative  can  also  be  used  as 
a bypass  system.  Figure  E10  shows  one  of  several  possible  pipeline 
arrangements  and  table  E12  is  a cost  estimate.  This  alternative 
has  a low  certainty  because  the  success  of  the  system  relies 
heavily  on  the  hypothesis  that  the  primary  source  of  shoaling  Is 
sand  that  bypasses  the  head  of  the  west  jetty.  The  certainty 
could  be  upgraded  to  medium  by  installing  manifold  intakes  in 
the  channel  to  remove  shoals  that  accrete  from  other  sources, 
but  that  is  basically  the  maintenance  alternative.  This  bypass 
system  is  less  efficient  and  less  reliable  than  the  maintenance 
alternative,  but  it  also  has  fewer  adverse  environmental  effects 
than  some  of  the  other  systems.  The  beach  would  not  have  to  be 
cut  back  as  much  as  in  alternative  8 to  provide  storage  because 
this  system  can  operate  during  storm  conditions  whereas  the 
mobile  hydraulic  system  cannot.  The  harbor  could  be  open  for  an 
estimated  11-1/2  months  of  the  year,  being  closed  only  after 
storms  when  the  infilling  would  greatly  exceed  the  pumping 
capacity. 

E.AS  Alternative  10  - San  Lorenzo  River  Sediment  Trap.  The 
San  Lorenzo  River,  3,000  feet  updrift  from  the  harbor,  is 
believed  to  be  a source  of  sediments,  although  detailed  sedimen- 
tation rating  curves  for  it  have  not  been  calculated.  The  river 
discharges  an  estimated  18,000  to  27,000  cubic  yards  of  beach 
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Figure  E10.  Zipper  Bypassing 


TABLE  El  2 
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COST 

ESTIMATE  - 

Alternative  #9 

Zipper  Bypassing 

System 

February 

1978 

Costs 

Item 

Quantity 

Unit 

Unit  Price 

Cost  Estimate 

FIRST  COST 

Pumphouse 
(Inside  of  West 
Jettv-See  Alt. 6) 

Stone  Removal 

1 

LS 

$ 

10,000 

Bod  Grout 

$ 

50,000 

Concrete 

$ 

52,000 

Roof 

Subtotal 

$_ 

$ 

20,000 

132,000 

Sand  Intake 

Lines  (3) 

: 

Manifold  Line 
20”fl  - Buy 

450 

LF 

200 

$ 

90,000 

Place  Intake 
Lines 

660 

LF 

350 

$ 

231,000 

Jet  System-Buy 
& Place 

450 

LF 

125 

$ 

56,250 

Slide  Valve 

3 

EA 

5,000 

$ 

15,000 

Pipe  Runs  to 

Pump 

3 

FA 

7,000 

$_ 

21,000 

Subtotal 

$ 

413,000 

TABLE  FI  1?  (Continued) 


Item 

Ouantitv 

Unit 

Unit  Price 

Cost  Estimate 

Water  Intake 
System 

12"/  Pipe  Run 
to  BW  (Buv, 
Place  & Bury) 

50 

LF 

90 

$ 

4 , 500 

Riser  Section 

1 

FA 

I.S 

$ 

4,000 

Top  of  BW  Pipe 
Run 

500 

LF 

50 

$ 

25,000 

Anchors  0 10' 

50 

FA 

350 

$ 

17,500 

Intake  Struc. 

$_ 

15,000 

Subtotal 

$ 

66,000 

Pumping  Equip- 
ment 

750  HP  Pump 

1 

FA 

LS 

$ 

20,000 

750  HP  Motor 

1 

FA 

LS 

$ 

30,000 

Controls 

I.S 

$ 

100,000 

Misc.  Piping  & 
Instal lat ion 

62 

$ 

60,000 

Connect  Power 

$_ 

45,000 

Subtotal 

$ 

255,000 

Discharge  Line 
(18"/) ($150,000 
for  10"/) 

LS 

$ 

200,000 

Pipe  Run  Across 
Channel 

350 

LF 

90 

$ 

31,500 

Risers 

2 

FA 

LS 

$_ 

8,000 

Subtotal 

$ 

240,000 
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TABLE  El  2 (Continued) 


Item  Quantity  Unit  Unit  Price  Cost  Estimate 


Construction 

Contingencies 


(2  5*) 

S 276,000 

Subtotal 

SI, 382,000 

Engineering  & 

Design  (10*.) 

$ 138,000 

Supervision  & 

Admin.  (7%) 

$ 97,000 

TOTAL  FIRST  COST 

$1,617,000 

ANNUAL  COST  (see  Alt.  6) 


Power  (850  Hr  X 750 

HP  X $0. 055/KW-HR 

$ 

36,000 

Maintenance 

$ 

50,000 

Pipe  Turning 

$ 

20,000 

Personnel 

$ 

50,000 

Interest  (6-5/8T) 

$ 

107,100 

Amortization 
(10  yrs.) 

$ 

119,100 

Royalty 

300,000  CY  $0.20 

$ 

60,000 

TOTAL  ANNUAL  COST 


$ 442,000 


1 


size  material  per  year  Into  littoral  zone.  Wave  energy  transports 
the  coarser  material  downdrift  Into  the  harbor  area  and  moves 
the  fines  offshore.  The  river  could  be  used  as  a trap  for  flood 
borne  sediments  and  for  littoral  drift  transported  to  the  river 
mouth  area  from  updrift  beaches  by  wave  action.  The  lower 
reaches  of  the  river  could  be  dredged  to  provide  a protected 
area  where  a dredge  could  be  stationed  to  remove  these  deposits 
as  they  accumulate  and  to  pump  them  to  the  disposal  area  east  of 
the  harbor. 

E.46  Figure  F.ll  shows  a scheme  based  on  using  the  San  Lorenzo 
River  as  a sediment  trap.  Initially,  200,000  yards  would  be  removed 
from  the  river  to  create  the  trap.  Annual  bypassing  from  the 
trap  area  and  channel  maintenance  dredging  at  the  harbor  would 
total  approximately  400,000  cubic  yards  per  year.  The  100,000 
cubic  yards  in  excess  of  the  net  littoral-drift  rate  of  300,000 
vards  would  be  due  to  fines  in  the  river  bed  that  are  normally 
carried  into  the  offshore  region  by  the  winnowing  action  of 
waves.  The  cost  estimate  is  given  in  table  K13. 

E. 47  This  alternative  relies  heavily  on  the  theory  that  most 

of  the  littoral  drift  will  enter  the  river  channel.  The  concept 
has  a very  low  reliability  because  the  river  would  be  an  ineffi- 
cient trap,  and  shoaling  could  occur  in  the  harbor  from  other 
transport  mechanisms.  The  large  delta  offshore  of  the  river 
mouth  provides  a mechanism  to  bypass  littoral  drift  past  the 
river  mouth.  Rivers  have  highly  variable  sedimentation  rates 
from  year  to  year.  The  river  trap  might  work  well  during  years 
of  low  discharge  but  would  not  be  effective  during  years  of 
excessive  river  flooding. 

F. 48  The  beach  between  the  river  and  the  harbor  would  take 

several  years  to  adjust  to  a point  where  it  ceases  to  be  a 
source  of  harbor  shoaling.  This  would  extend  the  length  of  time 
that  the  channel  would  be  closed  or  necessitate  pre-dredging  the 
west  beach.  The  certainty  of  the  system  is  low  because  the 
success  of  the  concept  depends  heavily  on  the  hypothesis  that 
the  harbor-shoaling  mechanism  is  primarily  littoral  transport 
from  the  updrift  beaches.  Depositing  fine  river  sediments  on 
the  downdrift  beach  would  degrade  the  quality  of  sand.  Clearing 
of  the  river  basin,  however,  would  be  aesthetically  pleasing  and 
beneficial  to  the  flood  control  project.  Removal  of  the  material 
from  the  channel  has  several  benefits  that  are  not  necessarily 
related  to  the  shoaling  problem. 


E48 


L 


TABLE  El  3 


COST  ESTIMATE  - Alternative  // 1 0 
San  Lorenzo  River  Sand  Trap 


February 

1978 

Costs 

Item 

Ouant lty 

Unit 

Unit  Price 

Cost  Estimate 

FIRST  COST 

Dredging  of  Sand 
Trap  in  the  San 
Lorenzo  River* 

200,000 

CY 

$1.20 

$ 

2 A0, 000 

Contingency  (157.) 

$_ 

36,000 

TOTAL  FIRST  COST 

$ 

276,000 

ANNUAL  COST 

Mobilization 

1 

FA 

LS 

$ 

150,000 

Annual  Dredging 

A 00, 000 

CY 

$1.50 

$ 

600,000 

Layup 

2 

EA 

$65,000 

$ 

130,000 

Interest  (6-5/87) 

$ 

18,300 

Amort izat ion 
(10  yrs.) 

$ 

20,300 

TOTAL  ANNUAL  COST 

$ 

Q19.000 

* Mobilization  to  be  Included  In  Annual 
Maintenance  Dredging  of  Harbor. 


F.50 
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STRUCTURAL  SYSTEMS 


E.49  General.  The  maintenance  dredging  and  bypassing  alterna- 
tives were  based  on  the  assumption  that  the  harbor  configuration 
would  not  be  changed.  None  of  the  solutions  are  anticipated  to 
maintain  the  harbor  open  for  navigation  year  round.  The  present 
harbor  configuration  provides  neither  adequate  wave  protection 
for  a dredge  nor  adequate  storage  for  high  shoaling  rates  during 
severe  storms.  Modification  of  the  harbor  would  be  required  to 
accomplish  these  purposes. 

E.50  Se^^llng  the  Jetties.  In  the  analysis  of  littoral  processes 
it  was  estimated  that  approximately  20,000  cubic  yards  of 
littoral  drift  shoal  in  the  channel  in  an  average  year  by  leaking 
through  the  voids  in  the  armor  and  underlayer  stone  of  the  west 
letty.  Leakage  through  a quarry  stone  structure  can  be  retarded 
by  sealing  the  voids  by  pumping  a thick,  fast-setting  concrete 
through  holes  drilled  through  the  armor  stone  to  seal  the  voids. 
Table  ElA  gives  a cost  estimate  for  sealing  the  seaward  800  feet 
of  the  west  jetty.  This  is  not  an  alternative  solution  in 
itself,  but  it  does  contribute  to  the  solution.  The  effectiveness 
of  the  sealing  depends  upon  which  overall  solution  to  the  shoaling 
problem  is  adopted.  Jetty  sealing  would  not  be  necessary  with 
the  Zipper  or  the  eductor  maintenance  systems  because  they  are 
designed  to  handle  material  that  leaks  through  the  voids. 

Sealing  the  jetties  alone  would  only  partially  reduce  the  quantity 
of  sand  that  enters  the  harbor.  Most  of  the  material  blocked 
from  entering  the  harbor  by  sealing  would  merely  be  forced  to 
bypass  the  head  of  the  jetty.  Part  of  that  material  would  then 
enter  the  harbor  and  part  would  naturally  bypass  the  channel 
over  bars.  Sealing  the  west  jetty  would  be  desirable  for  each 
bypassing  alternative  and  for  those  maintenance  alternatives 
that  include  periodic  channel  dredging.  No  method  is  available 
to  measure  accurately  the  quantity  of  sand  passing  through  the 
voids.  Prior  to  sealing  the  west  jetty,  a monitoring  program 
should  be  Implemented  to  determine  the  rate  that  littoral  drift 
enters  the  harbor  through  the  Jetties.  This  could  be  accomplished 
by  digging  a trench  on  the  shoulder  of  the  navigation  channel 
and  sounding  it  to  determine  its  rate  of  shoaling.  The  east 
jetty  is  shorter,  has  a higher  core,  is  exposed  to  milder  waves 
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TABLE  El  A 


COST  ESTIMATE  - Sealing  of  West  Jetty 
Station  13+00  To  21+00 


February 

1978 

Costs 

Item 

Ouantity 

Unit 

Unit  Price 

Cost  Estimate 

From  13+00  to 
164-00 

Grouting  - 
Buy  & Place* 

1200 

CY 

100 

$ 

120,000 

From  16+00  to 
21+00 

Grouting  - 
Buy  & Place* 

500 

CY 

100 

$ 

50,000 

Contingencies 

1 

$_ 

25,000 

$ 

195,000 

* Includes  cost  for  drilling. 


ami  Is  estimated  to  be  a better  littoral  barrier  than  the  west 
letty.  Therefore,  sealing  the  east  )et.v  Is  not  considered 
necessary . 

E- 51  AltivniaUve  11  - Offshore  Breakwater  - Annual  Dredging.  A 
proven  solution  for  harbors  along  shorelines  with  high  rates  of 
littoral  transport  Is  to  construct  a breakwater  offshore  of  the 
updrlft  beach  designed  to  trap  littoral  drift  and  to  provide 
protection  for  a large  hydraulic  dredge.  This  dredge  would  then 
periodically  remove  the  accumulated  sand.  Examples  of  this 
solution  on  the  West  Coast  are  Channel  Islands  Harbor  and 
Ventura  Harbor. 

E. 52  Figure  E12  shows  an  offshore  breakwater  at  Santa  Cruz 
designed  to  form  a sediment  trap  In  the  updrlft  beach.  The 
breakwater  should  be  about  1,800  feet  long  and  have  a cross 
section  as  shown  In  figure  F.13.  The  armor  units  should  be  8-ton 
dolos  on  the  trunk  and  10- ton  dolos  on  the  head  to  withstand  a 
22-foot  design  breaking  wave.  The  sand  trap  is  estimated  to 
have  a capacity  to  store  approximately  900,000  cubic  yards; 
therefore,  a large  hydraulic  dredge  would  only  have  to  be  mobi- 
lized once  every  three  years  to  bypass  the  accumulated  sand. 

Table  El  5 is  a cost  estimate  for  this  structural  system,  assuming 
that  dredging  would  be  required  every  three  years. 

E.53  The  concept  is  highly  reliable  because  the  breakwater 
will  alter  the  wave  climate  at  the  harbor  entrance  thereby 
reducing  shoaling  from  several  sources.  Through  careful  analysis 
with  the  aid  of  model  studies,  the  breakwater  can  be  aligned  to 
diffract  waves  In  such  a way  that  wave  energy  does  not  transport 
littoral  drift  into  the  harbor.  Diffraction  patterns  shown  in 
figure  El 2 illustrate  this  concept.  Waves  would  tend  to  transport 
sand  along  the  west  .letty  and  form  a spit  on  the  updrlft  beach 
awav  from  the  harbor  entrance.  The  breakwater  would  be  so 
positioned  that  waves  In  the  entrance  channel  would  have  about 
one-third  the  height  they  would  have  without  the  structure. 

Leakage  of  sand  through  voids  In  the  west  jetty  and  onshore 
transport  would  also  be  reduced  due  to  the  change  of  wave  climate. 
Although  It  would  be  desirable  to  move  the  breakwater  farther 
east  to  provide  more  protection  for  the  harbor,  this  would  move 
the  trap  too  close  to  the  entrance  channel.  The  certainty  of 
the  system  is  high  because  the  small  amount  of  material  that 


Figure  E12.  Offshore  Breakwater 


Figure  FI 3 . Offshore  Breakwater  Section 


TABLE  El  5 


COST  ESTIMATE  - Alternative  #11 
Offshore  Breakwater  - Periodic  Bypassing 
February  1978  Costs 


1 1 em 

Ouantity 

Unit 

Unit  Price 

Cost  Estimate 

FIRST  COST 

Breakwater 

Doles  (11  tons) 

7,225 

FA 

830 

$ 5,997,000 

B3  Stone 

56,200 

Ton 

26 

$ 1,461,000 

Core  Stone 

158,000 

Ton 

24 

$ 3,792,000 

Bedding  Layer 
(5.6  tons/LF) 

10,100 

Ton 

25 

8 252,000 

Contingencies 

(137) 

$ 1,725,000 

Subtotal 

813,227, 000 

Aids  to  Navi- 
gation 

$ 35,000 

Engineering  & 
Design  (107) 

Supervision  & 
Admin.  (77) 

TOTAL  FTRST  COST 


$ 1,323,000 

$ 926,000 

$15,511,000 


ANNUAL  COST 

Interest  (6-5/87.) 

Amortization 
(50  yrs.) 


$ 1,028,000 
$ 43,000 
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TABLE  El 5 (Continued) 


Item 

Ouantity 

Unit 

Unit  Price 

C03t 

Estimate 

Dredging 
(Every  3 yrs.) 

Mobilization 

1/3 

LS 

225,000 

$ 

75,000 

Dredging 

(900,000/3) 

300,000 

CY 

$ 1.20 

$ 

360,000 

TOTAL  ANNUAL  COST 


$ 1,506,000 


escapes  the  trap  and  that  which  enters  the  channel  from  other  sources 
can  be  removed  during  the  periodic  dredging  episode. 


F.  54  The  shoreline  along  the  updrift  beach  will  widen  as  far  as  the 
mouth  of  the  San  Lorenzo  River  because  of  the  groin-effect  of  the  trapped 
sand;  however,  the  beach-berm  height  should  not  increase.  The  slightly 
wider  beach  would  have  a negligible  influence  on  the  effectiveness  of 
the  flood  control  project. 

E. 55  Bypassing  large  quantities  of  material  infrequently  may  produce 

adverse  environmental  effects.  The  downdrift  beaches  would  temporarily 
lose  their  source  of  sand,  then  large  quantities  of  sand  would  be  bypassed 
in  a short  period  of  time.  If  the  material  were  bypassed  after  the 
winter  waves  that  naturally  transport  littoral  drift  around  Black  Point, 
the  east  beach  would  build  considerably.  Under  these  conditions,  updrift 
movement  would  tend  to  shoal  the  channel  at  a much  greater  rate  than 
under  present  conditions.  Each  of  these  effects  can  be  remedied  by 
annual  in  lieu  of  triennial  dredging  at  a slight  increase  in  annual  cost 
due  to  more  frequent  mobilization  and  demobilization  charges. 

F. 56  Alternative  12  - Short  Offshore  Breakwater  - Continuous  Bypassing. 

The  principal  advantages  of  an  offshore  breakwater  are  that  it  provides 
protection  for  a dredge  and  increases  the  storage  capacity  for  littoral 
drift.  The  primary  disadvantage  of  an  offshore  breakwater,  aside  from 
its  high  initial  cost,  is  the  adverse  environmental  effect  of  beach  and 
cliff  erosion  that  could  result  from  intermittent  bypassing.  Downdrift 
beaches  would  alternately  be  undernourished  for  two  years  and  overnourished 
for  one  vear.  Considering  that  there  appears  to  be  a much  greater 

energy  potential  for  littoral  transport  than  there  is  littoral  material 
to  be  moved,  this  could  result  in  erosion  of  the  cliffs  to  the  east. 

These  effects  could  be  mitigated  by  combining  the  offshore  breakwater 
concept  with  a continuous  sand-bvpassing  system.  Tf  continuous  bypassing 
were  implemented,  a smaller  storage  capacity  and  hence  a shorter  break- 
water would  be  required. 

E.57  Figure  E14  shows  a 1000-foot  offshore  breakwater  with  a 100,000 
cubic  yard  trap.  The  breakwater  is  in  shallower  water  (-20  feet  MLLW) 
than  in  Alternative  11.  Several  methods  of  bypassing  are  possible.  The 
cost  estimate  in  table  F.16  is  based  on  bypassing  with  a semi-permanent 
eductor  system.  The  eductor  could  be  handled  with  shore-based  equipment 
and  could  be  serviced  more  readily  than  the  eductor  systems  proposed 
for  the  maintenance  and  bypassing  systems  in  Alternatives  5 and  7. 
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-alternate  position  of 


Figure  E14.  Offshore  Breakwater  Continuous  Bypassing 


TABLE  F.16 


I 


COST  ESTIMATE  - Alternative  #12 
Offshore  Breakwater  - Continuous  Bypassing 
February  1978  Costs 


Item 

Ouantity 

Unit 

Unit  Price 

Cost  Estimate 

FIRST  COST 

Breakwater 

Polos 

3,800 

FA 

830 

S 3,154,000 

B3  Stone 

25,000 

Ton 

26 

$ 650,000 

Core  Stone 

63,000 

Ton 

24 

S 1,512,000 

Bedding  Layer 
(5.6  Tons/LF) 

5,000 

Ton 

25 

$ 125,000 

Contingencies 

(157) 

$ 816,000 

Aids  to  Navi- 
gation 

$ 35,000 

Engineering  & 
Design  (107) 

$ 626,000 

Supervisison  6 
Admin.  (77) 

$ 438,000 

Subtotal 

$ 7,356.000 

Bypassing  System 
Movable  Eductor 
(1) 

Pumphouse  (See 
Table) 

$ 132,000 

Water  Intake 

$ 66 , 000 

L 
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TABLF  F.l 6 (Continued) 


Item 

Quantity 

Unit 

Unit  Price 

Cost 

Estimate 

Pumping  Equip. 

& Jets 

$ 

40,000 

Connect  Power 

S 

45,000 

Injection  & 
Return  Lines 

2,000 

LF 

50 

$ 

100,000 

Floats 

25 

FA 

250 

$ 

6,250 

Riser 

1 

FA 

LS 

$ 

4,000 

Subtotal 

s 

393,000 

Discharge  Line 
(See  Table  9) 

$ 

177,000 

Contingencies 

(257) 

$ 

142,000 

Engineering  & 
Design  (10?) 

$ 

71,000 

Supervision  & 
Admin.  (77) 

$ 

50,000 

Subtotal 

$ 

440,000 

TOTAL  FIRST  COST 

$ 8, 

189,000 

r 


TABLE  E16  (Continued) 


Item  Ouantity  Unit  Unit  Price  Cost  Estimate 


ANNUAL  COST 
Power 

(300,000/150  CY/HR)  X 750  HP  X $0.055/KW-HR 

Maintenance 

Pipe  Turning  & 

Replacement 

Personnel 

Interest  (6-5/87.) 

Amortization 

Breakwater  (50  Yrs.) 

Bypassing  System 
(10  yrs.) 


$ 82,000 

$ 50,000 

$ 40,000 

$ 50,000 

$ 545,000 

$ 20,000 

$ 64,000 


j 


5 


TOTAL  ANNUAL  COST 


$ 851,000 


A portable  eductor  could  also  be  extended  into  the  harbor  to 
remove  shoals  that  form  as  a result  of  mechanisms  other  than 
bypassing  of  the  west  jetty. 


F.58  The  short  offshore  breakwater  would  not  provide  additional 
protection  to  the  harbor,  as  its  east  end  would  have  to  be 
farther  west  than  that  of  the  longer  breakwater  in  Alternative 
11  in  order  to  keep  the  trap  well  updrift  of  the  navigation 
channel  and  to  create  the  desired  wave  diffraction  pattern.  The 
concept  is  rated  high  in  reliability  and  certainty  and  should 
maintain  a year-round  channel. 

E. 5d  Alternative  13  - Extend  West  Jetty.  The  storage  capacity 

of  the  west  jetty  could  be  increased  by  extending  it  seaward. 

The  primary  advantage  of  this  concept  is  that  additional  storage 
can  be  provided  without  cutting  back  existing  beaches.  In  order 
to  be  effective,  this  structural  solution  must  be  supplemented 
with  some  type  of  sand-bypassing  system.  A 400-foot  jetty 
extension  shown  in  figure  F.15  would  provide  storage  capacity  for 
approximately  500,000  cubic  yards  between  the  west  jetty  and  the 
San  Lorenzo  River  and  approximately  15,000  cubic  yards  on  the 
east  side  of  the  west  jetty.  Several  bypassing  systems  could  be 
used;  however,  the  mobile  hydraulic  system  of  Alternative  8 was 
selected  a being  the  most  reliable  and  effective.  The  existing 
and  proposed  jetties  should  be  sealed  for  this  system  to  function 
properly.  The  cost  estimate  is  given  in  table  F.17. 

F. 60  Extending  the  jetty  reduces  bypassing  requirements  during 

the  first  year  or  two.  When  the  beach  aggrades  sufficiently 
however,  sand  would  naturallv  bypass  the  end  of  the  jetty  at  the 
same  rate  as  under  present  conditions  unless  intercepted  by  the 
artificial  bypassing  system.  The  primary  advantage  of  this 
alternative  is  that  updrift  beaches  would  be  preserved  and  the 
shoal  would  form  farther  offshore,  outside  the  navigation  channel. 
The  system  has  a high  reliability  but  medium  certainty.  Certainty 
is  reduced  because  the  system  addresses  only  the  primary  source 

of  channel  shoaling  and  does  not  prevent  shoaling  from  littoral- 
drift  reversals  or  from  onshore  transport  of  off-entrance  deposits. 
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Figure  El 5.  Extend  West  Jetty 
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TABLE  El  7 

COST  ESTIMATE  - Alternative//!  3 
Extension  of  West  Jetty-Continuous  Bypassing 
February  1978  Costs 


Item 

Quantity 

Unit 

Unit  Price 

Cost  Estimate 

FIRST  COST 

Jetty  Extension 
(400 ' ) 

Dolos 

1,300 

EA 

$ 

1,079,000 

A10  Stone 

8,731 

Ton 

$ 

244,000 

B3  Stone 

24,622 

Ton 

$ 

640,000 

Core  Stone 

51,650 

Ton 

$ 

1,240,000 

Bedding  Layer 

2,888 

Ton 

? 

72,000 

Concrete  Cap 

533 

CY 

$ 

38,000 

Concrete  Grout 

767 

CY 

$ 

74,000 

Seal  Exist.  West 
Jetty 

(See  Table  14) 

$ 

170,000 

Contingencies 

(157.) 

$ 

534,000 

Aids  to 

Nav  Igatlon 

$ 

25,000 

Engineering  & 
Design  (107) 

$ 

409,000 

Supervision  & 
Admin.  (77) 

$ 

286,000 

Subtotal 

$ 

4,787,000 

TABLF.F.17  (Continued) 


Item  Quantity  Unit  Unit  Price  Cost  Estimate 


Mobile  Eductor 
System 

(See  Table  11) 
Additional 


Equipment 

$ 

440,000 

Pickup  Flanges 

6 EA  250 

$ 

1,500 

Supply  & 

Discharge  Line 

800  LF  50 

$ 

40,000 

Cont lngenc les 
(25%) 

$ 

120,000 

Engineering  & 
Design  (10%) 

$ 

60,000 

Supervision  & 
Admin.  (7%) 

$_ 

42,000 

Subtotal 

$_ 

704,000 

TOTAL  FIRST  COST 

$ 

5,491,000 

ANNUAL  COST 

Fuel  (300,000  CY/200  CY/HR)  X 1000  HP  x 1/8  GAL/ 
HP-HR  X $0. 25/GAL.) 

$ 

47,000 

Pipe  Turning 

$ 

20,000 

Personnel 

$ 

90,000 

Maintenance 

$ 

30,000 

Interest  (6-5/8%) 

$ 

364,000 

Amortization 

Jetty  Extension 
(50  yrs.) 

$ 

13,000 

Bypassing  Sys. 

(10  yrs.) 

i. 

52,000 

TOTAL  ANNUAL  COST 

$ 

616,000 

F.66 


F.Pl  A 1 ternat lve  1 4 - Modify  Both  dottles  or  Const  ruct  a New  KtU  ranee. 
The  narrow  Santa  Cruz  entrance  channel  has  very  low  storage 
capacity  for  littoral  drift.  Littoral  drift  that  bypasses  the 
head  of  the  west  jetty  presently  forms  a tip  shoal  In  the 
navigation  channel.  The  storage  capacity  could  he  enlarged  by 
widening  the  channel.  Removal  of  the  west  .letty  seaward  of  the 
angle  point  and  extending  the  jetty  seaward  would  be  very 
expensive  and  was  not  considered  because  the  same  effects  could 
be  obtained  by  just  adding  structures. 

K.62  Several  entrance  configurations  that  would  improve  the 
harbor  from  both  maintenance  and  navigational  viewpoints  were 
considered.  Figure  Fib  shows  a modification  of  the  entrance 
that  would  create  a storage  area  and  provide  room  for  the  tip 
shoal  to  form  outside  the  project  channel.  This  unusual  configura- 
tion is  a modified  arrowhead  breakwater  system.  The  proposed 
new  east  jetty  would  reduce  channel  shoaling  by  the  mechanism 
of  reversals  in  littoral  drift  and  onshore  transport.  The 
arrowhead  configuration  also  provides  secondary  benefits  of 
wave  attenuation  In  the  harbor.  Table  F.18  gives  the  cost 
estimate  of  the  proposed  jetties.  Littoral  drift  would  have  to 
be  bypassed  or  removed  by  maintenance  dredging.  Several  of  the 
maintenance  or  bypassing  systems  mentioned  in  Alternatives  1 
through  10  could  be  used  effectively  to  maintain  the  channel. 

The  storage  capacity  of  the  protected  area  would  he  increased 
as  much  as  five  times  over  the  existing  capacity,  thereby 
increasing  the  length  of  time  it  takes  for  the  channel  to 
shoal.  The  most  cost-effective  system  would  be  annual  dredging 
by  a large  hydraulic  dredge;  however,  the  cost  estimate  Is 
based  on  implementing  a phased  dredging  program  which  would 
have  higher  reliability  and  certainty.  The  greater  storage 
capacity  would  allow  the  dredge  to  mobilize  later  in  the  year 
and  demobilize  earlier,  thereby  reducing  the  time  required  for 
the  dredge  to  be  on  the  site.  The  added  wave  protection  would 
allow  the  dredge  to  operate  a greater  percentage  of  the  year. 

These  factors  would  improve  navigation  and  would  reduce  annual 
dredging  costs. 


F. 63  Alternative  15  - Weir  Jetty  or  (Iroin  - Continuous  Bypass tng. 
A weir  jetty  is  a semi-permeabie  jetty  which  traps  sediment  in 
a sheltered  area  and  maintains  the  updrift  beach  profile.  Weir 


Figure  rlf.  Modify  Entrance 
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TABLE  El  8 

COST  ESTIMATE  - Alternative  II 14 
Modify  Both  Jetties 
February  1978  Costs 


Item 

Quantity 

Unit 

Unit  Price 

Cost  Estimate 

FIRST  COST 

West  Jetty 
Extension 
(See  Table  17) 

$ 

3,388,000 

Seal  Exist. 

West  Jetty 

$ 

170,000 

New  East  Jetty 

A10  Stone 

8,500 

Ton 

28 

$ 

238,000 

B3  Stone 

20,200 

Ton 

26 

$ 

525,000 

Core  Stone 

20,700 

Ton 

24 

$ 

497,000 

Bedding  Layer 

4,500 

Ton 

25 

$ 

112,000 

Grout 

1,800 

CY 

96 

$ 

173,000 

Subtotal 

$ 

5,103,000 

Contingencies 

(152) 

$ 

765,000 

Aids  to  Navi- 
gation 

$ 

35,000 

Engineering  & 
Design  (10%) 

$ 

587,000 

Supervision  & 
Admin.  (7%) 

$ 

411,000 

TOTAL  FIRST  COST 

$ 

6,901,000 

i 
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TABLE  El 8 (Continued) 


i 


jetties  constructed  at  Masonboro,  Ponce  de  Leon,  and  East  Pass 
Inlets  have  not  been  totally  effective.  Experiences  are  limited 
and  concepts  are  being  further  developed,  but  consideration  is 
given  here  to  weir-jetty  and  weir-groin  systems. 

E.64  One  possible  method  of  constructing  a weir  jetty  is  to 
expand  the  harbor  boundaries  as  shown  in  figure  E17.  An  offshore 
breakwater  connected  to  the  west  jetty  would  be  required  to 
trap  sand  and  to  provide  protection  for  a floating  plant.  A 
low-sill  or  weir  section  with  a crown  elevation  along  the 
desired  updrift  beach  profile,  would  permit  wave  action  to  fill 
the  trap  area  without  eroding  the  updrift  beach.  A floating 
plant  would  be  mobilized  to  perform  maintenance  and  bypass 
dredging.  Table  E19  is  a cost  estimate  based  on  pumping  300,000 
cubic  yards  per  year. 

E.65  This  system  is  rated  low  in  reliability  because  it  is 
not  proven  and  low  in  certainty  because  the  system  is  primarily 
effective  only  in  bypassing  littoral  drift  from  the  west  beach 
to  the  east  beach.  Tt  does  not  prevent  shoaling  of  the  channel 
by  transport-reversals  and  onshore- transport  mechanisms.  Advan- 
tages of  this  system  would  be  that  the  dredge  would  have  a 
protected  area  in  which  to  work  and  that  it  could  also  be  used 
for  maintenance  dredging.  A smaller  dredge  would  bypass  sand 
more  continuously  than  other  systems,  inducing  a lesser  impact 
on  downdrlft  beaches.  The  sand-trap  basin  could  also  be  used 
In  summer  as  an  anchorage  for  transient  boats. 

E.66  The  weir  jetty  concept  is  not  well  suited  to  this  site; 
however,  by  creating  a trap  with  a weir  groin  instead  of  a weir 
jetty,  costs  can  be  lowered.  Figure  F.18  shows  a plan  view  of 
such  a system.  The  weir  groin  constructed  on  the  updrift  beach 
would  maintain  the  desired  beach  profile  while  an  eductor 
system  could  continuously  bypass  sand  that  enters  the  trap. 
Permanent  eductors  would  be  positioned  in  excavations  into  the 
hardpan  to  form  the  primary  sand  trap.  A portable  eductor 
could  be  used  to  remove  material  from  other  areas  surrounding 
the  trap  and  from  the  channel  as  required.  A cost  estimate  is 
given  in  table  E20. 

E.67  The  concept  is  rated  low  in  both  reliability  and  certainty 
because  fixed  eductors  have  not  proved  successful  and  because 


L 


E71 


Figure  E17.  Weir  Jetty 


TABLE  FI  9 


COST 

ESTIMATE  - 

■ Alternative 

#1 5a 

Weir 

Jetty 

February 

1978  Costs 

Item 

Quant  1 ty 

Unit  Unit  Price 

Cost  Estimat 

FIRST  COST 

Protective  Jetty 

Dolos 

1,450 

EA 

830 

$ 

1,204,000 

A10  Stone 

25,200 

Ton 

28 

$ 

706 , 000 

B3  Stone 

35,200 

Ton 

26 

$ 

915,000 

Core  Stone 

29,500 

Ton 

24 

$ 

708,000 

Bedding  l.ayer 
(5.6  Ton/LF  x 
700  LF) 

3,920 

Ton 

25 

98,000 

Subtotal 

$ 

3,631,000 

Weir  Section 

Concrete  Sheet 
Pile  (Buy  & 
Place) 

900 

LF  1 

,000 

$ 

900,000 

Sand  Trap- 
Dredging 

150,000 

CY 

1.50 

$ 

225,000 

Cont ingenc ies 
(15%) 

$ 

713,000 

Aids  to  Navi- 
gation 

$ 

35,000 

Engineering  & 
Design  (10%) 

$ 

547,000 

Supervision  & 
Admin.  (7%) 

$. 

383,000 

TOTAL  FIRST  COST 

$ 

6,434,000 

Li 
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TARI.F  K19  (Continued) 


' Item 

Quantity 

Unit 

Unit  Price 

Cost  Estimate 

ANNUAL  COST 

Mobil izat ion 

1 

LS 

$ 

150,000 

Dredging 

300,000 

CY 

1.50 

$ 

450,000 

Interest  (6-5/8X) 

$ 

426,000 

Amort lzat Ion 
(SO  yrs.) 

$_ 

18,000 

TOTAL  ANNUAL  COST 

$1 

,044,000 
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TABLE  E20 


COST  ESTIMATE  - Alternative  #15 b 
Weir  Groin 
February  1978  Costs 


Item  Quantity  Unit  Unit  Price  Cost  Estimate 

FIRST  COST 

Weir  Groin 
Sheet  Piling  ? 

Buy  16,500  ft^ 


x 38  lbs/ft^ 

627,000 

lbs. 

0.40 

$ 

251,000 

Place 

600 

LF 

50 

$ 

30,000 

Concrete  Cap 

Buy  & Place 
Contingency 

355 

CY 

250 

$ 

89,000 

(157,) 

$ 

56,000 

Engineering  & 

Design  (107) 

$ 

37,000 

Superv i sion  & 

Admin.  (77) 

$_ 

26,000 

Subtotal 

$ 

489,000 

Sediment  Trap 


Craters  (Hard- 


pan)  4x3000  CY 

12,000 

CY 

5 

$ 

60,000 

Dredging  of  Trap 

83,000 

CY 

1.20 

$ 

100,000 

Contingency 

(157) 

$_ 

24,000 

Subtotal 

$ 

184,000 
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TABLE  K20  (Continued) 


Item 

Quantity 

Unit 

Unit  Price 

Cost  Estimate 

Bypassing  Svstem- 
Eductor  (4) 

Pumphouse  (See 
Table  10) 

$ 

132,000 

Water  Intake 

Line 

$ 

66,000 

Pumping  Equip. 

& Jet  Pumps 

$ 

195,000 

Connect  Power 

$ 

45,000 

Discharge  Line 
(See  Table  10) 

$ 

177,000 

Injection  & 
Return  Lines 

3,200 

LF 

50 

$ 

160,000 

Risers 

4 

EA 

4,000 

$ 

16,000 

Trenching  & 
Connections 

$ 

100,000 

Contingency 

(25*) 

$ 

223,000 

Engineering  & 
Design  (10*) 

$ 

89,000 

Supervision  & 
Admin.  (7*) 

$_ 

62,000 

Subtotal 

$1 

,262,000 

TOTAL  FIRST  COST 

$1 

,938,000 
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TAM  I'  (Tout 


1 1 <‘m 


QiuiiU  Itv  On  It 


Unit  Pr  loo 


Cost  Ks I 


ANNPAI.  HOST 


Power 

( 100,000/ l SO  CY/HK)  x 7 SO  HP 

Mm Int  onnnoo 

Pipe  Turning  & 

PI Moomont 

Pot-  jionno  I 

lntoront  (6-S/8T) 

Amort  l r.nt  Ion 

Shoot  P 1 1 o tiro  l n 

(IS  vr».) 

Soillmont  Trrtp- 
Orotlp.  Inn 
(20  vih.) 

HvpMfislnj;  Svm- 
tom  (10  vrs.) 

TOTAl.  ANNHA1.  COST 


x $0. 0SS/KW-HR  $ 82 

$ SO 

$ 40 

$ SO 

$ 128 

$ 20 

$ 

t. 

$ 4(>8 


ImMt  o 

000 

000 

000 

000 

000 

000 

000 

000 

000 


the  system  is  heavily  dependent  i'll  downdrllt  transport  .is  being 
l)u'  primary  source  ol  shoaling.  Proper  operat ton  o I tin-  eductot 
bypass  ooiioopt  , Alternative  7,  should  produce  (ho  same  results. 
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K.h8  Alternative  lb  Knhance  I'bh  Currents.  l’ldal  curt  outs 
natural Iv  maintain  roast  a 1 inlots  as  a funot Ion  ot  tho  wave 
energy  I lux  and  tidal  prism.  Tho  tidal  prism  i't  tho  prosont 
harbor  Is  *1.8  million  cubic  loot.  Assuming  a V ' toot  moan 
diurnal  tide  range  tho  harbor  should  maintain  a n't'  square- I oot 
channel  cross  section  duo  t o natural  tidal  I lushing.  The  small 
channel  observed  In  Santa  I'm/  harbor  after  wlntoi  shoaling 
confirms  this  approximate  1 Iguro.  The  cross- sect  Iona  1 area  ot 
the  pro|ect  channel  In  the  throat  Is  1,*J00  square  toot.  A laud 
area  ot  SSO  acres  would  be  required  t o provide  adequate  tidal 
prism  t o maintain  a channel  ot  these  dimensions  using  the 
O' hr  l on  equation  (l*)b‘>>.  'Hits  land  area  Is  not  available  at 
the  protect  site.  Ilvdrau  1 I ca  1 1 v connecting  Schwanns  1 agoon  to 
tin'  existing  basin  would  add  onlv  U acres,  which  wi'uld  have 
negligible  Influence  on  (lushing. 

I'.b8  Another  concept  would  be  t o use  tide  gates  to  store 
water  on  flood  tides  and  qulcklv  discharge  It  during  ebb  tides 
creating  high  scouring  velocities  toi  a short  duration.  This 
would  be  hazardous  to  boaters.  Khh  currents  could  be  enhanced 
bv  pumping  seawater  Into  the  basin  to  artificially  duplicate 
the  tidal  prism.  The  tidal  prism  ettect  could  be  duplicated  by 
creating  an  average  t low  ot  1000  ct  s tor  I.’  hours  a dav.  This 
would  Increase  the  peak  velocity  at  pro|oct  dimensions  I tom 
about  . feet  per  second  to  l..’  teet  per  second.  An  18-foot 
diameter  pipe  bulled  through  the  suit  zone  that  discharged  Into 
the  harbor,  pumping  at  a pipe  velocity  ot  II  feet  pet  second, 
would  be  required.  I'll  1 1 tv  pumps,  each  with  a discharge  rate  ot 
100  ofs,  would  be  required  to  generate  the  tlows.  Table  l.'l  Is 
a cost  estimate  tor  this  system. 

1.70  this  alternative  would  present  several  adverse  Impacts. 
The  Intake  and  discharge  areas  would  be  dangerous  to  boaters 
and  swimmers.  Knormous  quantities  ot  energv  would  be  consumed. 
The  noise  ot  the  pumps  would  be  object (enable  to  residents. 
Although  the  system  probably  would  work  to  some  degree.  It  Is 
not  proven.  The  maximum  currents  would  be  about  I..'  teet  pet 
second  which  is  below  the  steady  flow  scouring  velocity  lot 
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TABLE  F.21 


COST  ESTIMATE  - Alternative  #16 
Enhance  Ebb  Currents 
February  1978  Costs 


Item  Quantity  Unit  Unit  Price  Cost  Estimate 


PUMPS:  (100  cfs) 

30 

CFS 

10,000 

$ 

3,000,000 

Cent ingeneies 
(15%) 

$ 

A 50, 000 

Subtotal 

$ 

3 , A 50 , 000 

Engineering  & 

Design  (102.) 

$ 

3A5.000 

Supervision  & 

Admin.  (77,) 

$ 

2A2.000 

TOTAL  FIRST  COST 

$ 

A, 037, 000 

Interest  (6-5/87) 

$ 

268,000 

Amortization 
(10  yrs.) 

$ 

297,000 

TOTAL  ANNUAL  COST 

$ 

565,000 

DIESEL  ENGINES: 

$ 

7, 36 A, 000 

Contingencies  (15%) 

Subtotal 

$ 

1 , 1 0A , 000 

$ 

8 , A68 , 000 

Engineering  & 

Design  (10%) 

$ 

8A7.000 

Supervision  & 

Admin.  (7%) 

$ 

593,000 

TOTAL  FIRST  COST 

$ 

9,908,000 

Interest  (6-5/8%) 

$ 

656,000 

Amortization 
(30  yrs.) 

$ 

112, 000 

TOTAL  ANNUAL  COST 

$ 

768,000 
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TABLE  E21  (Continued) 


Item  Quantity  Unit 

Unit  Price 

Cost  Estimate 

FIRST  COST 

Pumps 

$ 4,037,000 

Diesels 

$ 9,908,000 

Intake  Structure 

$ 6,318,000 

TOTAL  FIRST  COST 

$20,263,000 

ANNUAL  COST 

Pumps 

$ 565,000 

Diesels 

$ 768,000 

Intake 

$ 444,000 

Fuel 

$ 1,520,000 

TOTAL  ANNUAL  COST 

$ 3,297,000 
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sand.  These  low  velocities  may  not  be  adequate  to  maintain  the 
channel  to  project  dimensions  even  with  the  stirring  action  of 
waves.  Generally,  channel  velocities  between  2 and  3 feet  per 
second  are  required  to  scour  sand  in  steady  flow.  The  concept 
could  be  used  to  reduce  infilling  during  storms,  but  even  an 
order-of-magnitude  less  pumping  and  equipment  would  not  be 
economically  feasible  because  a dredge  would  still  be  required 
to  clear  the  channel  to  project  dimensions.  Therefore,  the 
reliability  of  the  system  is  rated  medium,  the  certainty  is 
rated  high  because  material  would  be  removed  from  the  channel 
independently  of  how  it  shoaled. 
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SUMMARY 


K.71  General . Sixteen  alternative  solutions  for  mitigating 
the  shoaling  of  Santa  Cruz  Harhor  have  been  described  and 
evaluated.  Table  K22  presents  a summary  of  the  costs,  effec- 
tiveness, reliabilities,  certainty,  and  impacts  of  each  alterna- 
tive. Figure  HI9  provides  a method  of  determining  cost  effective 
ness  by  plotting  annual  cost  versus  risk.  Risk  was  defined  as 
the  inverse  of  the  overall  evaluation  of  reliabilitv  and 
certainty . 

K. 72  Review  by  Committee  on  Tidal  Hydraulics.  The  shoaling 
processes  and  the  alternative  solution-studies  were  presented 
to  the  Committee  on  Tidal  Hydraulics  at  Vicksburg,  Mississippi, 
for  discussion  and  evaluation.  The  committee  evaluations  were 
based  on  technical  feasibility  without  consideration  of  cost. 
Table  E23  summarizes  the  results  of  those  evaluations.  Alterna- 
tive 2,  implementation  of  the  phased  dredging  program  and 
Alternative  11,  construction  of  a long  offshore  breakwater  with 
harbor  maintenance  by  a large  floating  plant,  were  most  technical 
feasible. 
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@ MECHANICAL  ORED6ING  SYSTEMS 


rueo  hydraulic  system  - eductor 


FIXED  HYDRAULIC  SYSTEM-  ZIPPER 
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CAUSE  LEAST  ADVERSE 
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AIDS  FLOOD  CONTROL  PROJECT. 
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1*491,0001  014,000  !2 
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I 


£NV/  ronhental  mpact9> 
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SA  Tuts.  "‘On  4 STARVATION  Of  DCWMMjf 
35 ACHES  ovE  TO  PERIODIC  DREDG/HG 


CONTIGUOUS  BYPASSING  WILL 
cause  least  adver.se 
EFFECTS  On  DO*! *4  DC.  I FT 
E>e  ACME  s 


A/OS  FLOOD  CONTROL  PROJECT. 
ENHANCES  FISH  RUNS 


OF  DOWN  DRIFT  BE ACHES  DUE  TO 
FERiOOC  BY  PASSING. 

CONT/NuOuS  AT F ASS >N G WILL 
CAUSE  LEAST  ADVERSE  EFFECTS 
ON  DOWN  DO./ FT  Oe  ACHES 


CONTINUOUS  BYPASSING  WILL 
CAUSE  LEAST  ADVERSE  EFFECTS 
ON  DOW  NOR  IF  T BEACHES 


HIGH  ENERGY  CONSUMPTION 
NOISY  OPERATION 


TABLE  E22 

EVALUATION  OF  ALTERNATIVES 


SOCIAL  IMPACTS 

MAVlGATlOU  t 

HARBOR.  PROTECJ/ON 

social,  dissatisfaction  Due  to 

navigation  May  3E  RESTRICTED 

fast  IMPLEMENTATION  Of 

During  whter  font  ns  ay  the 

TN/S  ALTERNATIVE 

FORMATION  OF  A TIP  SHOAL 

greater  potential  TO  PROVIDE 

NAVIGATION  IS  RESTRICTED  DuC  TV 

year  ROUND  HARBOR  OuR/NG  HAD 

TIP  SHOAL  PRESENCE  OF  DREDGE 

WINTERS  THAN  ANNUA  ^ DREDGING 

DOES  NOT  WORSEN  SITUATION. 

NO  EASEMENT  OR  PIPELINE 

minor,  hinder  ance  to 

REQUIRED 

NAVIGATION. 

TRUCK.  HAUL  ON  BEACH 
DANGEROUS  4 UNSIGHTLY 

BINDERS  HAV  GAT >On 

MINIMAL. 

NO  HINDER  ANCE  T O 
NAVIGATION. 

MINIM  AL 

NO  H/NDERANCE  TO 

NA  VlG  AT/ON 

-j- 

MINIMAL  HINDER  ANCE  TO 

CRATERS  ON  BEACH  ARE 

NAVIGATION . 

SAFETY  NAT.ARD. 

continuous  bypassing 

COULD  REDUCE  UPDR/FT 
BEACH  WIDTH. 

I 

MINIMAL  HINDER  ANCE 

DURING  maintenance 
procjeoure. 

NO  H/NOERANCE  to 
NAviGAT/ON . 

IMPROVE  APPEARANCE 

NO  H/NDERANCE  T O 

OF  CHANNEL 

NAVIGATION 

CREATES  A SHELTER  FOR 

PROTECTS  n ARBOR  PROM  LARGE 

BATHERS 

NW  SWELL , BUT  OFFERS  NO 
PROTECTION  FROM  LOW  3 E 

SEAS. DOES  HOT  HINDER  NAVIGATION 

CRATERS  DANGEROUS 

TO  BATHER9 

NNOR  HINDER  ANCE  TO  NAVIGATION 

PRESERVES  UPDRIFT 

PROTECTS  HARBOR  FROM  LARGE  NW 

BEACHES. 

SWELL.  SHOAL  STARTS  TO  FORM  OUT- 
SlOE  OF  PROJECT  CHANNEL 

PRESERVES  UPDRIFT  BEACHES. 

MINOR  OSTURBANCE  TO  NAVIGATION 

PROVIDES  SHELTER  FOR 

DURING  DREDGING.  PROTECTS  HARBOR 

BA  THERS  - 

FROM  LARGE  NW  SWELL.  jHOAL  STMTS 
TO  FORM  OUTS/OE  OF  PROJECT  CHANNEL 

EX  PROFW  /47£S  PupLiC. 

HO  M/NDERANCE  TO 

BEACHES. 

NAVIGATION 

DANGEROUS  AREA  NEAR  ! NT  AXE 
AND  DISCHARGE  STRUCTURES. 

MINIMAL  EFFECTS 

NOS  7 EXPERIENCE 


INITIATED  PROCEDURE  /N  '97  7-  9 70  SEASON 


REQUIRES  CONSTRUCTION  OF  NEW  HOPPER  DREDGE 


EQUIPMENT  rO  OPERATE  ON  A RENTAL  DA^/S 


SYSTEM  PRESENTLY  UNDERGO- NO  F/ElD  EVALUATION , 
EDUCTORS  ARE  SUSCE  PT/3LE  TO  CLOWNING 


BYPASSING  ST  STEM  HAS  /O  YEARS  OPERAT/nG  EXPERIENCE  AT 
ROSA  RlTO  OEACH  MEXICO 


PRESENCE  Of  DEBRIS  ON  UPDRIFT  WILL  INCREASE  POSS/OlL/TY 
OF  SHUT  DOWN  OF  BYPASSING  PLANT  DuE  TO  EDUCTORS  CLOGGING. 


FLEXIBLE  COMPONENT  SYSTEM  vv/TH  IZR LA~T /i/CLy 

high  salvage  value 


ADDITION  OF  2 MAINTENANCE  PiPES  WOUuD  ADD 
AM  ADDITIONAL  $ 344,000  TO  F/RST  COST 


A ?00‘  EXTENSION  Of  NATURAL  GROIN  MOULD  ADO  An 
ADOlTONAL  B £00.000  FIRST  COST  4 WOULD  INCREASE 
F.FFICIENC.Y  Of  TRAP  TO  A SMALL  DEGREE 

PROVEN  EFFECT !VE  *T  CHANNEL  ISLAND  HARBOR 


ALTERNATIVE  ALLOWS  A MORE  PERMANENT  3y PASSING 
SYSTEM  TO  DE  INCLUDED  IN  THE  FUTURE 


WAve  PROTECTION  COULD  BE  IMPROVE  WITH  A DIFFERENT 

Alignment  of  the  jetty  extension. 


INCREASED  SAND  STORAGE  AT  ENTRANCE  MAY  ALLOW 
ANNUAL  DREDGING  TO  REPLACE  PHASED  DREDGING 
REDUCING  COST. 


THE  same  RESULTS  CAN  BE  OBTAINED  WITH 
fixed  bypassing  at  less  cost. 


NOT  PROVEN-  MAY  UNDERESTIMATE  CAPABILITY  TO 
SCOUR  CHANNEL  BY  FACTOR  OF  3 


(savnoa  jo  SNomiw  ni  ) isoo  ivonnv 
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FIGURE  El 9 : NUMBER  OF  MONTHS  PER  YEAR  HARBOR  REMAINS  OPEN 

COST  EFFECTIVENESS 


TABLE  F.23 


ASSESSMENT  OF  ALTERNATIVES 
BY  COMMITTEE  ON  TIDAL  HYDRAULICS 
CATEGORY  A:  (PROVEN  TECHNOLOGY,  ADEOUATF.  SYSTEM) 

Alternative  2:  Phased  dredging,  floating  plant. 

Alternative  11:  Long  offshore  breakwater  with  a large  floating  plant. 
CATEGORY  B:  (FEASIBLE  CONCEPT  BUT  TECHNOLOGY  NOT  PROVEN) 

Alternative  7:  Fixed  bypassing  hydraulic  system  - eductor. 
Alternative  8:  Mobile  bypassing  hydraulic  system  - eductor. 
Alternative  9:  Fixed  bypassing  hydraulic  system  - zipper. 

Alternative  12:  Short  offshore  breakwater  with  continuous  bypassing. 
Alternative  IS;  Weir  jetty  or  groin 
CATEGORY  C:  (TECHNICAL  FEASIBILITY  IN  DOUBT) 

Alternative  3:  Hopper  dredge  - "Currituck". 

Alternative  5:  Fixed  maintenance  hydraulic  system  - eductor. 
Alternative  6:  Fixed  maintenance  hydraulic  system  - zipper. 

CATEGORY  D:  (NOT  SUITABLE  ON  BASIS  OF  CRITERIA  FURNISHED  COMMITTEE) 
Alternative  1:  Annual  dredging-floating  plant. 

Alternative  4:  Shore-based  dragline. 

Alternative  10:  Sand  trap  at  San  Lorenzo  River. 

Alternative  13:  Extend  West  Jetty. 

Alternative  14:  Modify  both  jetties  or  construct  new  entrance. 
Alternative  16:  Enhance  ebb  currents. 
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SECTION  F 


SECTION  F 


CONCLUSIONS  AND  RECOMMENDATIONS 


CONCLUSIONS 


F.l  The  net  littoral  transport  rate  at  Santa  Cruz  Harbor  is 
300,000  to  500,000  cubic  yards  per  year  from  west  to  east.  The 
primary  shoaling  mechanism  is  the  transport  of  sand  around  the 
head  of  the  west  jetty  forming  a tip  shoal  in  the  entrance 
channel.  After  the  tip  shoal  forms,  considerable  quantities  of 
littoral  drift  may  bypass  the  harbor  by  natural  processes. 
Dredging  the  bar  that  forms  across  the  harbor  entrance  decreases 
natural  bypassing  and  increases  shoaling  rates. 

F.2  The  first  year  of  the  two-year,  multi-year  interim  dredging 
program  succeeded  in  keeping  the  harbor  open  through  most  of 
the  winter;  however,  the  program  can  be  improved  to  increase 
its  effectiveness  at  less  cost  to  the  government  and  at  less 
risk  to  the  contractor.  The  trap  capacity  of  the  harbor  entrance 
is  too  small;  and,  considering  present  limitations  of  dredging 
technology,  only  a major  modification  of  the  configuration  of 
the  harbor  structures  would  prevent  closure  of  the  harbor 
during  a severe  storm  or  series  of  storms.  More  pay  yardage 
was  dredged  from  the  harbor  entrance  during  the  first  year  of 
the  interim  two-year  dredging  program  than  in  previous  years. 

This  can  be  attributed  to  several  causes  including  a severe 
winter,  severance  of  the  bar  that  conveys  natural  bypassing, 
and  diversion  of  more  littoral  drift  into  the  entrance  as  a 
result  of  bar-severance.  Also,  the  use  of  more  appropriate 
methods  of  estimating  pay  quantities  may  have  resulted  in 
accounting  for  some  yardage  that  would  not  have  been  reported 
under  past  practices. 


RECOMMENDATIONS 


F . 3 Several  monitoring  programs  are  in  effect  either  in  the 

Santa  Cruz  area  or  throughout  Monterey  Bay.  They  include  beach 
surveys,  condition  surveys,  hydrographic  surveys,  aerial  photog- 
raphy, and  wave-gaging.  These  programs  have  several  purposes. 


FI 


d 
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including  the  monitoring  of  beach  erosion,  dredging  effects 
and,  in  the  past,  the  WES  operation.  In  view  of  their  multi- 
purpose nature,  it  is  recommended  that  these  programs  be  reviewed 
to  determine  whether  any  of  them  can  be  combined  to  save  costs 
or  can  be  conducted  on  a more  routine  basis  to  give  more  useful 
results.  The  dredging  operation  should  be  monitored  and  kept 
under  constant  scrutiny  to  develop  procedures  and  controls  that 
would  make  the  system  more  effective. 

F. U Two  methods  of  maintaining  the  harbor  channel  are  recom- 
mended for  further  consideration.  The  first  and  most  feasible 
at  the  present  time  is  through  continuation  of  the  phased- 
dredging  plan.  Each  contract  should  be  limited  to  two  to  three 
years  until  more  experience  is  gained  to  ensure  that  the  program 
can  work  and  that  fair  and  reasonable  contracts  are  consumated. 
The  second  method  is  construction  of  a long  offshore  breakwater 
and  periodic  dredging  of  the  protected  sand  trap  which  it  will 
create.  More  detailed  studies  of  these  solutions  should  be 
underaken.  It  is  further  recommended  that  model  studies  of  all 
structural  solutions  deemed  feasible  in  this  report  be  conducted 
using  a semi-moveable-bed  model  in  order  to  optimize  configura- 
tions and  to  evaluate  their  effectiveness. 
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APPENDIX  2 


ENERGY  FLUX  CALCULATIONS 


The  longshore  energy  flux,  P^g,  was  calculated  using  methods 
described  in  Shore  Protection  Manual  (1973)  for  each  wave  con- 
dition given  in  the  wave  climate,  by  use  of  the  formula: 

PgHu^ 

P„ _ = ( nC  cos  a,  ) sin  a (1) 


is 


8 


Where  = angle  of  wave  crest  relative  to 
bottom  contours  at  breaking; 

= breaker  height; 

p = density  of  water; 

g = acceleration  due  to  gravity; 

nC  = group  wave  velocity. 


The  breaker  height  and  angle  of  approach  at  breaking  were  deter- 
mined by  simultaneous  solution  of  the  following  five  equations 
which  describe  wave  transformations.  The  breaker  height  is 
given  by  an  empirical  equation  developed  by  Le  Mehaute  and  Koh 
(1966) : 


H 

o 


H ! // 
• 76S1/7('TT) 


(2) 


Where  S = the  bottom  slope; 

= the  deep-water  wave  height;  and 
Lq  = the  deep-water  wave  length. 
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This  relation  derived  from  empirical  data  given  in  Shore  Protec 
tlon  Manual  is  valid  in  the  regions  where: 

1/5  > S > 1/50 

and 

.09  > Ho  > .002 
L 

o 


In  the  data  set  describing  the  wave  climate  most  of  the  wave 
steepnesses,  and  beach  slopes  are  within  these  Units. 

The  exceptions  were  for  some  of  the  Southern  Hemisphere  swell, 
which  had  steepnesses  below  the  validity  limit.  Tn  this  case, 
the  refracted  and  shoaled  height  for  d » 18'  was  doubled  and 
used  as  H^.  The  equivalent  deep-water  wave  height,  ir,  was 
taken  into  consideration  bv  application  of  the  refraction 
coefficient  which  assumed  straight  and  parallel  bottom  contours 
Hence : 


11’ 

o 

ii 


o 


/cos  a 


cos  a. 


(3) 


The  angle  of  the  breaking-wave  crest  relative  to  the  shoreline, 

ii.  , is  determined  by: 
b 


sin  a,  «=  tanh  k,  d,  sin  a (41 


Where  k,  = 
b 


The  wave  length  at  breaking  is 


n d o 

2nd, 

b ; 

Lb 

wave  length  at  breaking;  and 
breaker  depth. 


L.  ■ L tanh  (k.  d.  ) . (SI 

p O n l> 
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The  breaker  depth  was  assumed  proportional  to  the  depth  of  water, 


or: 


(6) 


The  value  of  c ranges  from  about  1.3  to  .7,  depending  on  bottom 
slope  and  wave  steepness.  A value  of  unity  was  used  in  the 
calculations  as  being  representative  of  the  range  of  predominant 
wave  conditions  expected  at  the  project  site.  Equations  (2) 
through  (6)  were  solved  simultaneously  for  a^,  H^,  and  L^.  The 
method  described  incorporates  the  effect  of  refraction  from 
deep  water  to  the  breaker  point  and  solves  for  H^/H^  as  a 
function  of  H'  at  the  breaker  point.  A computer  program  was 
constructed  to  determine  the  breaking-wave-energy  flux  for  each 
wave  condition  given  in  the  wave  climate. 


The  preceding  procedure  calculated  the  height  and  angle  of  ap- 
proach at  breaking  from  empirical  relationships.  The  shoaling 
coefficient,  K , was  not  used  to  determine  H since  it  underpre- 
dicts wave  shoaling  by  as  much  as  a factor  of  2 near  the  breaker 
point  for  longer  period  waves.  The  method  requires  use  of  a 
slope,  S;  constant,  c,  relating  breaker  height  to  depth;  and 
determination  of  L,  . Small  variations  of  slope,  S,  have  minor 
influences  on  breaker  height.  Because  of  composite  slopes 
found  in  natural  beaches,  the  bottom  slope  generally  steepens 
for  smaller  waves.  An  average  slope  of  1 on  30  was  used  in  the 
calculations.  The  value  of  c depends  on  the  incident  wave 
conditions;  however,  a value  of  unity  appears  to  fit  the  data 
set  and  beach  slope.  The  wave  length  at  breaking  can  be  25 
percent  longer  than  given  by  equation  (5),  which  is  based  on 
small  amplitude  theory.  The  effect  of  variation  in  the  above 
variables  can  lead  to  differences  of  approximately  *25  percent 
in  results  of  the  energy-flux  calculations.  More  accurate 
expressions  could  be  employed.  The  slope  could  be  given  as  S = 
f(H^),  c = f(S,Ho/L  ),  and  1,^  = f(k^,H  );  however,  the  wave 
data  are  not  accurate  enough  and  the  shoreline  configuration  is 
too  variable  to  justify  such  detailed  calculations. 
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The  data  base  used  In  the  energy-flux  calculations  was  given  in 
terms  of  deep-water  wave  statistics  in  the  form  of  a three- 
dimensional  matrix  of  direction,  height,  and  period.  Wave 
transformations  were  performed  to  obtain  wave  statistics  at  the 
breaker  line  so  that  the  energy  flux  at  the  breaker  line  could 
be  computed.  Transformations  were  made  primarily  through 
consideration  of  refraction  and  shoaling.  The  effect  of  bottom 
friction  and  percolation  on  the  reduction  of  wave  heights  was 
assumed  to  be  of  secondary  importance. 

Refraction  diagrams  were  drawn  using  the  graphical  procedures 
described  in  the  Shore  Protection  Manual.  Periods  ranging  from 
5 to  21  seconds  were  considered  along  with  waves  approaching 
from  the  southeast  clockwise  through  northwest.  The  wave  rays 
were  brought  into  the  18-foot  contour,  where  the  wave  angle  and 
refraction  coefficient  were  measured.  The  equivalent  deep- 
water wave  height,  H' , at  the  18-foot  depth  was  used  as  deep- 
water input  to  the  program.  Therefore,  the  effects  of  irregular 
bathymetry  from  deep  water  to  the  18-foot  depth  were  accounted 
for  in  this  analysis. 

The  wave  climate  data  are  grouped  by  increments  of  deep-water 

H,  T,  and  a for  each  month  of  the  year.  The  calculation  of 

energy  flux  was  done  by  choosing  representative  parameters. 

The  given  data  were  transformed  into  representative  heights, 

H , periods,  Tr  and  directions.  The  representative  value 

selected  for  calculation  is  defined  as  those  values  of  H,  T, 

and  n that  yield  the  same  energy  flux  as  that  calculated  for  an 

even  distribution  of  parameter  values  over  each  increment.  The 

wave  period  increment  is  two  seconds,  and  the  average  period  of 

each  Increment  was  selected  as  representative,  but  determinations 

of  H and  a was  more  complex, 
r r r 

Equation  4-36  of  SPM  gives  the  following  formula  for  calculating 
the  longshore  energy  flux  where  offshore  contours  are  straight 
and  parallel: 
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I*  = 18.3  H ^2  (cos  a sin  2a 

?s  o o o 


This  may  be  written: 


P.  = c F (H  ) F (a  ) 
X-S  o o 


Where  c 


F(V 

F(ao) 

F(ao) 


18.3; 

H 5/2;  and 
o 

1 /4  . . 

cos  a sin  2a  ; or 
o o 

o 5/4 

2 cos  a sin  a . 

o o 


Given  a range  of  H and  a , representative  values  H and  a 

o o or  or 

must  be  selected.  These  values  are  chosen  assuming  H and  a 

o o 

are  evenly  distributed  over  their  incremental  ranges  and  are 
bounded  by  upper  and  lower  bounds  denoted  by  subscripts  "u"  and 
respectively.  F(H  ) is  then  determined  by  the  following 
integral:  or 

F(H  J = TIT  / °U  H 5/2  dH 
or  AH  o o. 

O H . 

O l 


The  solution  is: 


F(H  > = TTp  (H  7/2  - H „7/2), 
or  7AH  ou  oH 

o 


The  representative  H is  then: 

or 


r_2_  (u  7/2  7/2-12/5 

[7AHo  (ou  Ho l 
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Table  1 lists  the  representative  wave  heights  for  given  incremental 
ranges: 


Table  1.  REPRESENTATIVE  WAVE  HEIGHT 


Southern  Hemisphere  Swell 

Ht . Range 

Representative  Ht. 

(ft) 

(ft) 

. 1- . 9 

.57 

1-1.9 

1.48 

2-2.9 

2.47 

3-3.9 

3.46 

Northern  Hemisphere  Swell  & Seas 
Ht . Range  Representative  Ht. 


(ft) 

(ft) 

1-2.9 

2.06 

3-4.9 

4.01 

5-6.9 

5.99 

7-8.9 

7.98 

9-10.9 

9.97 

11-12.9 

11.97 

13-14.9 

13.97 

15-16.9 

15.96 

17-18.9 

17.96 

19-20.9 

19.96 

21-22.9 

21.96 

23-24.9 

23.96 

25-26.9 

25.96 

27+ 

27.96 

Because  of  the  irregular  bathymetry  off  the  Santa  Cruz  coast, 
ft  could  not  be  used  directly  in  the  deep-water  energy-flux 
formula.  Instead  the  refracted  direction  at  the  18-foot  contour 
was  selected  as  the  representative  wave  direction. 
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